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(54) OPTICAL WAVEGUIDE PROBE AND rTS MANUFACTURING METHOD 


(57) The present invention has an object to obtain 
an optical waveguide probe which is fbrnrted in a hook 
form to illuminate arKi detect light by a manu^cture 
using a silicon procesa 

This optical waveguide proi^e is formed in a hook 
form and structured by an optical w^eguide 1 sharp- 
ened at a prc^e needle portion 5 arxl formed of dielec- 
tric and a substrate 2 supporting this optical waveguide 
1 . This optical waveguide 1 is formed overlying the 8ut>- 
strate 2. The optical waveguide 1 is structured by a core 
8 to transit light and a cladding 9 smaller in refractive 
index than the core 8. 


FIG. 1 
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Description. 
TECHNICAL FIELD 

[0001] This invention relates to an optical waveguide 
probe for observing sample geonnetry utilizing an 
atomic force between sut)stances and mea^ring opti- 
cal property on sample nto-oscopic region thrpi^h a 
probe formed an opticaj waveguide, and to a method 
for manufacturing same. 

BACKGROUND OF THE INVENTION 

[0002] At present in the scanning near field optical 
microscopes (hereinafter at^breviated as SNOM) meas- 
urement is made on sample optical property and geom- 
etry by causing a tip-sharpened probe of an optical 
medium to approach a measurement'sample.to a dis- 
tance of less than light wavelength. Hiere is proposed 
an apparati^. as one of such apparati^es. wherein an 
linear-formed optical fber probe vocally held to a 
isample at fts t^ is horizontally ^nb^ated relative to a 
sample surface, so that a change in amplitude of vibra- 
tion called due to shearing forces at the sample sur- 
face and probe tip is detected by inradiating laser light to 
the probe tip and detecting a change in shade thereof; 
wherein the sample is nrKved by a fine movement mech- 
anism to bring the amplitude into constant whereby the 
spacing between the pr^3e tip and the sample sur^e 
IS loBpt constant to detect sample geometry and meas- 
ure sample light transmission from an intensity of an 
input signal to the fine movement mechanisnri. 
Cb003]| Alsa there is proposed a scanning near field 
atomic force n^croscopie wfiich uses a hook formed 
optical fiber probe as a cantilever for the atomic force 
microscope (heranafier abbreviated sis AFM) to per- 
form AFM actuation, and simultaneously illuminates 
laser light through an optical f fiaer probe tip onto ai sanv 
pie to thereby detect sample , geometry and measure 
sample optical property (Na i 74542/1 9<^). FIG. 34 is a 
structural view showing ain optical waveguide probe of a 
conventional example. This opticeil waveguide probe 
has an optical waveguide 101 using an optical fl^er 
wherein the optical waveguide is covered over its 
periphery t>y a metal fOm coat 102. Alsa a probe needle 
portion 103 is sharpened, and tiie prot^e needle 103 
has an aperture 104 at its tip. 

[0004] On tiie other hand, in AFMs utilized as fine 
region geometrical observing means, utilized tsroadly 
are micro-cantilevers of silicon formed by siGcon proc- 
ess or dlicon nitride. 

[0005] Hcwever. there has been a prot»em ttiat the 
optical fiber probe used in SNOM is manufa;ctured in 
many processes by manual operation with an optical 
fiber as a material so that mass producibiirty is low and 
the shapes such as tip diameter and tip angle are une- 
ven. Also, although high speed seaming control 
requires increase in resonant frequency, becaus the 


optical ftoer itself is used as a cantilever spring material, 
the spring portion if shortened in order to ino-ease the 
resonant frequency has an increased spring constant 
Aim there has been a problan ti^t tiie optical f ber is of 

5 a thin and long f ilameiTtous material and difficult to han- 
dle Also, afthough the arrangement witti a plurality of 
c^cal prot>es enables high speed observation without 
requiring high speed sweep, tiie optical fiber probe is 
manufactured one by one by manual operation and not 

10 suited for a structure having a plurality of prot>es 
arranged on a same substrate, i.e. an array form. 
HOOOeH On the other hand, the n^CTO-cantilever used in 
AFM IF. high in resonant frequency and high In mass 
produdbility wHh reduced variation, and possesses 

IS advantages of <evenness in mechanical properties such 
as spring constant and resonant frequ&icy and of easi- 
ness in handling. However, tiiere has bem a problem 
that it is impossSde to conduct Oght ilfurrdnation and light 
detection at the tip portion required in SNOM. 

^^[0007] Ateo. samples with large steps such as l!^olog- 
ical samples and pc^ymer samples are considered in 
many for SNOM EippHcation scope. The micro-cantilever 
prcbe needle used in the conventional AFM is as short 
as approKEmately 10 microns and difficult to measure a 

£s sample with large steps. Furth^more, it Is consklered 
that these sanples in may cases require measurement 
in a fiquid. However, the AFM micro-cantilever is a carv 
tilever in a plate form and accordingly diffictflt in meas- 
urement in a Gquid. 

30 [0008] Therefore, this invention has been made in 
view of the above, arid it is an object to provide an opti- 
cal waveguide prot>e whi^ fulfills cchditions of excel- 
lent mass prodiK;&>ility arxj evenness, small spring 
constant easy handling, easy in a liquid, capability 

35 of tigfit tllurrJnation and detection, and easy to be 
aniayed. Also; it is an d^ect to provide a manufacturing 
metiiod for manufacturing sucfi an optical waveguide 
probe ■ 

40 DISCLOSURE OF THE ir^NTION 

[0009] This inventim d, m an optical wavegiide probe 
having an optical waveguide sharpened at a probe nee- 
dle portion formed in a hook fonm and a 8ut)stFate sup- 
45 porting the qsrtical waveguide, the optical wraveguide 
characterized in that .tf^e optical waveguide is overlaid 
on tiie substrate and formed integral therewith. The opti- 
cal waveguide fbnried of dielectric ts used. 
[0010] Alsa this invention is. In an optical waveguide 
so prc^ having an optical waveguide sharpened at a 
probe needle portion formed in a hook form, a substrate 
supporting the optical waveguide and a metal film coat 
covering the optical waveguide^ tiie optical waveguide 
characterized in that the optical waveguide is overiaid 
55 on the sut>strate and formed integral iherewitii arxJ the 
probe needle portion of the optical waveguide has at a 
tip an aperture dovered over t>y the metai film coat The 
optical wavegukie is formed of dielectric. Also^ the opti- 
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cal waveguide has a metal film coat deposited over a 
dielectric for light transmission. 
[0011] On the other hand, a jfiettiod 
an ojptidal wave^ide 'prob^i a jirqcess of 

forming ia mold for ^embedd^g the op^c^ in 
a suteifate; a depK>siting^^^^^ 
waveguide, a probess of ' s^fi^ralihq the c^'^^ 
waveguide aibng thi^ nuMd for embedding%e» bptiibal 
wavegMide, a process of - s^iip^tlng the opti<^ 
waveguide from the sub^^ ^ * ^ 

[001 2] Of the nrianufacturing' process for an optical 
waveginde jprcbe, the process (rf forming^ a ^^^^^^ 
embedding the optical waveguide Is any of an isotropic 
dry etohing prc>bess or wet etching process i^'hq[, as 
etching m^k phbtb resist ha^ng a thid^ess'(fistnlxj- 
tion having been exposed using a photo mask witfi a 
gradation, ah anisdtropic diy etching ^^rbcess usina as 
an etcdiing Fha^ photo reast havinp a thid«riess distri- 
but^n iBxpbbed usihg jshoto nriask with a gradation, an 
isotropic w;^ etching or dry 'etching process utHm^^ 
etching Lffidiercut to an uidehrieath of an e^ nriai^' 
a miifti-staged ahisotrc^id Wet etchirig prodess to a sifl;^ 
con sd^strate usir^g ^ etelting mask forni^ stepwise 
with at least Ntfb steps, and an ariisptropic wet Etching 
prtksess to a'silicoh substrate! 
[001 3] Also, tihie pifbb^ of d^bsiting the optical 
wave^Ade in the nriold for embiidding the optical 
waveguide is a process of depo^hg a dielectric rnate- 
rial con-esponding to the daddih^, d^kisrting a diielec- 
tric mteriiil relatively greate^ in refrdd^e iridex than the 
clacking corresponding to the core, patterniriii the core. 
arKi furtherdepositirig.a dieilecbic material cbrrespbhd- 
ing to tiie dadcfing. The rare jsattS-ra'n^^ 
pliotbtithpgrapliy using^iectro^epo^ ' 
[0014] ; The process of sieparati ttiei^ c^'c^^^ 
waveguide along the rnold f^r ennbe^ 
Waveguide is a pblishing process of d^iositing a^tnd^^^^ 
trie rinaterial in the mold fdr ettis^Jdthg the 'c^caJ^ 
waveguide, thereafter plaharizihg by embeidding a resin 
material in a recess fbrmed in a portkm of the moid for 
embedding the optical waveguide, and separating, the 
optical waveguide by polishing to an &1ginaF stibslrkt^ 
surface or deeper than the original^ sut>strate surface. 
Also, the pixx:ess of patternirigj' ^e optical waveguide 
Into a prob^e shape is, ' us^ng elec^p^^^ 
etching masK. W,?" ^ a*<^^Dg or we|jBtdi- 

ihg and an isctrdpic dry jetcHn^ ^airid^vyet efcfiing.^' ' . 
[0015] The prpoBSS d^ j^^ the c^^ 
waveguide prote from the sid^strate is a dry' e^ 
process or an anisotropic wet etching proce^ from ari 
c^)pc^te ^irface to a surface formecl with the optical 
wav^eguide. . 
[0016] According to ah optical waveguide probe as 
desaibed above, it is possa^le to form the lever portion 
in a short and thin fornn as corrpared to the conventional 
8MOM optical fiber probe, arid improve the resonant fre- 
quency without increasing the spring ophstanL The opti- 
cal wayeguidiB portion formed in a hook form, if 


' ' indfeased in length, facilitates measurement of a sam- 
ple large in st^. Also, the rectangular carrtilever form 
stabilizes vibration in a liquid as compared to the con- 
ventional AFVI cantilever having a flat plate cantilever. 
5 Also, light illumination and light detection are possible 
tiiat can not be made with the conventional AFM canti- 
lever. - ' ^ 

[|Qk)17] Also, the use of ^a silicon process'enhances 
ra^'|ijfX)ducit»^ shape reproducbiHty and 

10 everuness |h;.m jsrdperty. AIsq because tH 

isubstrate and the optical waveguide pbrtion are made in 
one txxiy, handling such as mounting or adjustment is 
fecilitated, similar to the, conventional AFM, cantilever, 
[001 8] Also, according tb the aboveklesk^tbed^ rnahu- 

15 fading. metfKd for art optical wavegyide probe, th 
dp&dad waveguide ^rbbe is^easily to iriaruifadbu^ 
[doi Sl' Ne9^ in pttler tp a the a}x0) i^^ 
optical wsr/eglikje prat^ this ihirentipn, conpnsirig: a 
kitetrate as a 'aji^rl rnen^ir; a cotUrr^ 
^ y^yc^uide^formed bn the i^betrate qrie i>cUl 

ttiereof proj'^ng frpri^^^ b^ tbw^ a 

raniple oj^ a mediiim^ihd shayr^ened M a tip;.a tiglit 
reflective layer tqncd over tiie q except- 
irig ari ap^rtufb at th^^ tp. Alsov the 

25 oiptic^ wavegtti^ is' struc^red^^^fc^^ a combination of k 
dauddng i^ '"\ ^ . ' 

[0020] . AlsOp^ahc^ik^^ 

tipn/ mrriprisihg: a, substrate ias, a stqpport member; a 
rajurnriar ^opticaj^ waveguide 'fofhried ori ttie substrate 
30 irk havirig pri6^ part thelrepf projecting frqhi tfie sut>- 
strate, and sli^l^ 

6ght ref iedtiye ^y^r foiiTied o^^ the Jbpticial vra^fjeguid^ 
exce^rfng miapeto 

[0021 ] By doing sp, iEa'^rriila^^^^ the abqve, it js p<^1)le 
35 to forrp ttie' IjEfver pcfrtibn' i^^^ and thin fprrfi^ aqgl 

imprpye thb resoiiaint frjkiu 

^ring', ccnstaLT^ Also, 'wh^rie 4^e . tip of the optical 
w^^egykde berii it is possible to eaisiiy mecvsuf^ a 
sarr^e large in ste|x,Fur)hW 

40 iizesiyforation in l|qu|c|. Also. Jigl^ Hluittihatibri^^^^ 
. dete^oh are pp^e^e that cairi ncrt.be nri^e yvhh the 
doriventioraJ APM canttleyer.^ Ate^^ j^e use. ol a silicon 
process er^ia^ mass; projduc^il'^, impix»Ahg 4fiape 
reprpdjLK^ arid e/ehrie^ in mec^ property. 

45 [iQ|022] , . Alsot, Ifi the optical waveguide probe of^tiite 
IriyehitiQn, a groove is formed in a pori^ of,the optical 
waveguide projexiteng jrqm tiie 5ubstmte.'tiier^ facili- 
tating bending. Also, a guide groove is provided in the 
sttetrate to, fix f connecting pc^on of the optical 

so Wavequid^ euridtKe; optical fa^er, fadlitatirig coupling witii 
ari optical fiser. 

[0623] Next in manufacturing an optical waveguide 
prc^ comprisirtg a substrate as a support memt>er, a 
columnar optic^ waveguide formed on the substrate 
55 and having one part thereof projecting fronri the sub- 
strate, arxJ bent toward a sarrple or a mediurri arid 
sharpeied 9t a tqp, a Bght reflective layer fbrmed over 
tiie optical Waveguide e^epting an aperture at the opti- 
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cat waveguide tip, a method for manufacturing an opti- 
cai waveguide probe of ttiis inyentipn characterized in 
that the bending of the optical wavegukJe is made by a 
process of overlaying a maierial ^ .aviritg a different ther- 
mal coeff idertt of expar^ion fiom the optical waveguide 
on one ^irface of a portion of the optica! waveguide pro- 
jecting from the substrate and heating the materiai and 
the optical waveguide. Otherw^e. the bending of the 
optical waveguide is rnade by a process of foroong a 
substrate for suppating the qpiical wa^uide wherdn 
a material having a different thermal coefficient of 
expansion from the c^cai waveguide is overlakj. while 
heatir^, on one surface of a portion of the optical 
waveguide projecting frmi the si^jstrate: 
(0024] Also, an optical waveguide pverlatd oh a sub- 
strate such that one part thereof projects from said sut> 
strate. said optical waveguide at a tip is sharpened, and 
a Gght reflective layer is toned ever said . optical 
w^egutde excepting a tip to t>e toned into an aperture, 
wherein these processes include: a process of fbrming 
a fftiateriai . having a different ttierrnal ; coefficient of 
expansion from said optical w^eguide on one surface 
of said optical waveguide: and a pnscess of f^ating said 
rhaterial and said optical waveguide to bend said optical 
waveguide. Otherwise, these processes indite a proc- 
ess of fbrming while heating, a material having a differ- 
ent thermal coefficient of e99>arision frofn the ojstical 
v^egiiide oh one sur^ce of ihe optical w^eguide. 
[0025] In this rnanner. ttie use of a material having a 
different thermal coeffid^ oif e^cpiansipn f^rn tiie cpti* 
cal waveguide facilitates tiie't>&iding of the optical 
w^eginde. This maierial may. be formed over the entire 
surface of the one surface oif tiie optical waveguide or a 
surface to fbrnried intp a caritilever. ^ 
[0026] Also, a method for nnanufacbjring an optical 
waveguide probe of this iriventioa characterized in that 
an optical waveguide \s o^rerlaid on a substrate such 
that one part thereof projects from ^e ^Jbstrate, tiie 
optical waveguide at a tip is sharpened, and a light 
reflective laye- is formed over the opticai waveguide 
excepting a tip to be formed into an aperture, wher^n 
these processes, wh^ein these processes include: a 
process of bencfing the optical waveguide by heating 
princ'pally one surface of the optical waveguide. 
[0027] If the optical wEiveguide is heated at one sur- 
face, it has increased heat absortting anrKXint than in tiie 
opposite surface. Due to* this, tfie dhe suifabe is sof- 
tened so that the optical wav€»guikje is bent by Ihk sur- 
face tension. Tnis stmpPrfies the bending process^ 
[0028] Further, in a rranufacturing method for an opti- 
cal waveguide probe of this invention, a groove is pro- 
vided in the optical waveguide during the abcve 
process. The portion provided witii the groove is 
reduced in moment of inertia in sec^on, ar^ facilitated 
in bending. 

[0029] A metfrod for manufacturing an optical 
waveguide probe of this invention, charact^ed in that 
a columnar optical wavegukie is overiak:l on a suisstrate 


. such that one part thereof projects from the sutsstrate, 
the qitical waveguide at a tip being sharp^ed, and a 
figfrt reflective layer being formed over the optical 
waveguide excepting a tip of tiie optical waveguide to be 

5 formed Into an aperture The columnar shape of the 
optical waveguide improves the resonant frequ^icy 

' wTtibut incr^slng the spring constant Further, the 
columnar shape ^abiiizes vibration in a Hquid. Inctderv 
tally, the sharpening for the c^'cal wavegidde uses iso- 

10 tropic etohing, or aniso^opic etching, particularly 
artisatrbpic etctiing in a state the sii»>trHte Is inclined. 
|[]0030] Also, in an (^>tical ^waveguide probe of th^ 
trrvention, the optical v^eguide forming an apalure is 
toned tjy ttvee surfeices. Aiso, it is fonned t>y three sur- 
fs faces including ait least two sets of vertical surfaces. 
Ottienwise. an oiptical waveguide before the bending 
process^is forrned by a generally vertical surface arxl a 
' generally horizontal surface with respect to a surfooe of 
the support 8ut>strate contacted with the optical 

2a V waveguide. ./ _ 

[0031 ] Aocprenngly, because such a probe ap^ture of 
ttie optical wavegukcle^is fb^ by^an apex of three sur- 
faces ihcliKiirtg tm surfaces witii Em angle of 90 
degrees, .where the aperture Is placed ftorizontally dose 

^ to a sarni^e, the beriding arnpunt in the optical 
waveguide can be reduced tfus stabilizing manufacture 
and desirably improving yield. Alsa tiie decr^se in the 
<^7tical wavegukie berKlIng amourit reduces the light 
loss at the berit; pprtim thus' improving tight transmis- 

30 sion effideriqr for the ppticsil waveguida 

[IKi32] AlsA in. en q^cai waveguide probe of the 
preserrt invention, a pluraiity, of optical waveguides are 
arranged on the 8ut>sfraie. ; 

[00331 . pier^r^, possibie to msuiulacture an c^- 
35 cal waveguide array excellent in evenness with high 
niass proQudt»lity ard at knv cost. 

BRIEF DESCRlPTIOf^i OF flHE DRAWINiQS 

40 [0034] = ^ • - 

FIQ. 1 is a structuTEJ view showing an optical 
waveguide probe according to Embodiment i of the 
preserrt irWeriiibri; 
45 FIG: 2 is a structural view showing an optical 
v^eguide probB according to Emtxxlimertt 2 of the 
present invi^on; 

FIG. 3 is a structural view showing an optical 
waveguide probe accbiding to Emtxxliment 3 of the 
&> present invention: 

FIG. 4 is a structurei! view showing an optical 
waveguide probe according to Embodiment 4 of the 
pr esent invention; 

FIG. 5 is a structural view showing an optical 
55 waveguide probe according to Emtxxiiment 5 of the 
present invention; 

RGs. 6A, 6B, 60. 6D, 6E, 6F. 6G and 6H are 
explanatory views showing a manufacturing 
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methc)d tor an optical wavegukJe probe according to 
Enix)dirnent 6 of the present invention; 
FIGs. 7A, 7B and 70 are explanatory views show- 
ing a manufacturing ■ method for an. optical 
waveguide probe according to Emtxxliment 7 of th s 
present invention; , 
FIGs. 8A. 8B and b6 are explariatory views show- 
ing a maruifacturing method for an optical 
mnfeguide probe according to Enrdx)dim^nt 8 of .the 
present invention; I - 

fIg. 9 Is structural view showing an. c^cal 
waveguide probe according tD.En^pddiment 9.of .thje 
preserrt invention; 

FIGild a nr^gnified vi#w'o< afcant1ever26^^^^^^^ 

vidhity of a'tip according^to the pr^'ient inventidn; is 

FKp^ 1 1A and 1 1B are flbyiKihart^ shoyving a rhan; 

ijfacturii;)g jarocess for tiie optical 'wavis^uide probe 

shown in.FIQ. 9; . • / ^; 

FKSS, 12a; 12B. 12C. 126,. 12E. 12E' are explana^ 

toiry views showing a rr^ufacturing prodess for tii<^ 

optical waveguWe probe shown In FIGL 9; 

FIQsi. 13F. 13F', 13Q,,13G', 13H. 131, 131 13J an^ 

13J ' are explanatpry vfew^ a rn^ufactur; 

ing process for the optical waveguide probe sl%iwn 

inFias; , ; ; :' . " / " ^ 

FIGs. 14X; I'^B isind 14C are ^^laiiidbry views 
showing a manufacturing process; for ttie optical 
vraveguide prol}e showri in flG^ 1";^ 
FIGs. ISA. ISB, iSC and 15P are sectional views 
showing an optical wavegyri^de pn^ aax>rdihg to so 
Embodiment 1 0 of the pr^ni invention; 
FIGs. 16A and 16^ are aq^acatoiy views shbwii>g 
an optical waveguide probe ab^^ Erj^qdl^ 
nient 11 of the present invenrfon 1^. 
FIGs, 17A, 17B and 17j5' are ©cpian^ ss 
. showing an optioal waveguide ptob^ to 
EmbodimemiSqf tfiepreserrflfv 
FIGs. 18A and idB^e explanaidiy views s^^ 
a modification of the optica^ waveguide prqbe of 
FIG. 17A. 17Band17C: " ' ' 4o 

FIG. 19 is an explanatory view showing a nr^uiufac- 
turing process for an opticed waveguide ' probe 
according to Emfcxx£ment,13 of the present. inven- 
tion; ^ . ; ' r . ^ , ^ 
FIG. 20 is an explanatory view showing a manufac- 45 
;turing process for an optical waveguide probe 
according to EmbocBment 14 oif the pr^ett!; inven- 
tion; . V 

FIG, 21 a n^gnified view of a t^ portioh of a com- 
pleted cantilever 26 according to. the present tnven- so 
tion; ' . 

FIG. 22 is an escplanatory view showing a nraruifac- 
^ turing process for an optical mveguide probe 
according to Emlxxfiment 15 of the preserit inven- 
tion; , ss 
FIG. 23 is a iragnified view showing a tip portion of 
a conpleted cantilever 26 according to the present 
invention; 


FIG. 24 is an explanatory view showing an optical 
waveguide probe according to Embodiment 16 of 
the present iiiventiori; 

FIG. 2i5 is a magnif ied vievy showing a tip portion of 

the qptical w^yeguide probe, shown in FIG. 24; 

FIG. 26 is an epqpiafiatory view showirig a structure 

of ari optical .WEivegutde probe acfcording to Emtxxj- 

irheni 1 7 ,of ,ttje preserrj; inverttipn; 

f IQ..27 is a sdiernatic explanatory view showing 

on optical waveguide probe according to Emtxxii* 

ment ,1 8 of the present iriyention; . 
^IG. 28 > a structural vi^. showihg a scanning 
,prqbe niicroscx^e ac(X)rding to.Embocfiment 19 of 
r the present invention; . . . - ^ 

' FIQ 29 is a stnictujal view showing a scanning 
^ probe nticroscope acmrdlr^ to Errtocfiment 26 of 

the present inventipa ^ ' ' .'^ * ' ^ 

FIG. 30 isaii explan^oiy v^^ 

turinb^ process ftM- an c^^tK^I Ws^egliicl^ 'prtibe 


according to j^nribqdime^^ 21 of the present jnven- 

:j;^.,jiori;.;' , ; ' \ ^ C^"-, 

, FIQ. 31 Js a hYagnrfiecl view of a ti^' portion' of the 
optical waveguide probe according to Errixsdin^eht 
21 ofthepr^erAlrwenti * * 

: RG. 32 is ah ^eaipiariat^^ an optical 

yy^^iy^ulde^jxc^ 

the preserrt inyeHtipri; . ' " ^ ' '[ 

. f^lG. 33^ is an e}^l€ratory>iew showing aii optical 
waveguicle probe array ^ccckfing to .Erritx)dirne|nt 
,23 ,ofthe iptre^ntiriye^ y , ^* . \ 

^ FIGL 134 i$ a struc^ral view showing an prior art 

kEStii^pk 

I90?51 . . Hereinuncier, this iiw^pn w>li be;e3(i)lained^ 
^detail ^^\r^ence to the-diTai»ri,i^ Incidentally^ it 
shQiJid be cbnsk^ tttis irr/ention' t>e hot fihnited 

byftie^embc^ :* " . 

[Enribodirp 

10036] FIG.VI is a structural view illustrating a structure 
of an optical waveguide probe showing Emkxidi ment 1 
of this invention. The o^cal waveguide probe is struc- 
tured, by an optical wavegiflde 1 and a sut>strate 2 sup- 
paling the same. The optical waveguide, 1 is fomied 
lying on the sut>strate 2 in one body therewith. The opti- 
cal waveguide 1 is forriied in the form of a hook, and 
^ctured by a fixed portion 3, resilient function portion 

4 and probe neiedle portion 5. This irobe needle (x^rtion 

5 is sharpened. TTie optical waveguide 1 is structured 
by a core 8 for treihsmitting light and a dadding 9 pro- 
vided at an outer periphery thereof . 

[0037] the cladding 9 has a relatively low refractive 
index as compared to a refractive index of the core 8. 
The fixed pwtion 3 has a length of from 50 jinri to 50 
mm. The resilient function portion 4 has a length of from 
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50 to 500 im TTie probe neecfle portion 5 ^ a 
l^gth of from 5 pm to 500 ^m. The co-e 8 is rectangular 
in sectionat shape having one side lengtii of from 1 |irn 
to 100 ^m. The optical waveguide 1 is rectangular in 
sectional shape having one side length of from 5 fxm to 
500 um. The substrate 2 ^ a thickness of from 200 
|im to 600 |xm. The substrate 2 has a length and wtdtii 
of from 1 mm to 50 rfmi. Various dielectric material can 
be used as a material for the core 8 and dadding 9. 
including sDicon dioxide, glass materiaJ such as silicon 
dioxide doped with fluorine or borori. poiyurethane. 
organic material such as epox/. niobium oxide, metal 
oxide such as zinc oxide, and so oa 
i0038] The deposition method for the core 8 and clad- 
ding 9 uses a method suited for a matoial therefor. In 
the case of for exanrple silicon oxkte. errployed is vapor 
phase process (hereiriafter abbreviated as CVD), sput- 
teringi vacuum evaporation or the lika The niaterial for 
the substrate 2 uses a stOcon single crystal, glass, 
quartz glass, gallium arsenate or tiie lika 
[0039] Light is Introduced tiifough a fixed portian end 
of the optical waveguide 1 shown in FIG, 1, so that the 
light is illuminated through a t^ of the probe needle por- 
tion 5 of the opticsd waveguide l onto a measuring sam- 
ple. Also, localized light on a sample surface is detected 
by the probe needle portion 5 tip, and introduced, to a 
detector provided at a behirvd of an end of the fixed por- 
tion 3. The cantilever has a ispring constant and reso- 
nant frequency that is adjustable, by a length of the 
re^lient function portion 4. \ 
(0040] According to.the optical wai/eguide probe, it is 
possitde to illun^nate light orrto a sairrple to detect Gght 
information from the san^le. i^eariwhile, because the 
resillerit function portion 4 can be shbrtened witii 
decrease in spring constant the resonant frequency 
can be int^reased v«nthout increase in the spring con- 
stant Furthemriore:, because a silicon pixx^ess can be 
used in manul^acture, mass prpdcibility is enhanced and 
shapia reproducibility is high and rnechanical property is 
' obtained even. Further, it is easy p handle including fix- 
ing and adjusting, similarfy to tlie conventional AFM 
. cantilever. . V ' ^ 

[0041] . In addition, the long probe needle portion 5 
allows easy measurement on a sample havirtg a large 
step. Alsa because the prc^e needle portion 5 is of a 
polygonal column instead of a flat plate, it is possbie to 
easily measure on a samfde not only in air but also 
within a liqukl. . 

[Embodiments] 

[0042] FIGL 2 is a structural view iiiustrating an optical 
waveguide probe showing Embodiment 2 of fliis irrven- 
tion.^ The optical waveguide probe according to this 
Embodiment 2 is different from tiie optical waveguide 
probe accorcfing to the above Errdt>odiment 1 . It is char- 
acterized in that its optical waveguide 1 at a periphery is 
covered by a metal film coating 6 and a probe needle 


portion has at its tip an (^erture 7 covered at a perqph- 
ery t>y the metal film coating 6. The metal film coating 6 
covers ove/ the other portion than that of contacted with 
the siiTstrate 2, as shown in FIG. 2. The metal film coat- 

5 ing 6 has a thickness of from 100 fim to 1 iixxt The diam- 
eter of the aperture 7 is from 10 (im to 500 im The 

' dimensions of other elements are the same as those of 
Embocfrnent 1. 

[0043] The material of ttie metal film coating 6 uses a 

10 material which reacts light, such as gold, platirujm, alu- 
minum: diromium, nickel or the like.. The materials of 
the other elements use the same ones as those of 
Embocfiment 1 . In this optical waveguide probe, by intro- 
ducing light from a fixed portion erxi of the optical 

IS waveguMe 1 , tfie light can be illuminated only tfirough 
the aperture 7 Ibrmed in the probe needle portion 5. 
A^ the light localized on the sample surface can be 
' detected by the tip of tiie probe needle portion 5 and 
introduced through the behind of the fixed portion end 

» ^ into the detector. 

[0044] According to tiie at>ove optical wav^utde 
prdbe. because the aperture 7 is provided at the tip of 
the optical waveguide 1, it is possible to detect an c^'- 
cal property of a sanrple at a space resolution higher 

25 than that of the optical waveguide probe of Embocfiment 

[Emtxxliment 3] 

so PM)45] FIG. 3 is a structural view illustrating an optical 
waveguide prdbB showing Embocfiment 3 of this inven- 
tion. The optical waveguide probe according to this 
Embodiment 3 is cfiffereifTt from the optical waveguide 
probe according to the Embodiment 2. It is character- 
's tzed in tfiat the optical wavegukjel a! Its entirety cov- 
ered t>y a metal fflm coating, including the portion 
contacted with the aibstrate 2. Incidentally the dimen- 
sion of each element is same as that of the optkaH 
waveguide prot>e of Emtxxlimerit 2. Alsoy the material of 
40 each eiement forming the optical waveguide probe te 
same as that of Enrttxxfirrient 2. . 
[0646] By introducing light from a f ixad^ pbrtibri 3 ehd 
of the optical y^eguide 1 , the light can be iOurnin^ed 
only through the aperuire 7 formed in tiie probe' needle 
45 portion 5. Ateo, the light Ibcaliziad.dn the sample^rfacia 
can be detected by tiie tip of the probe needle portion 5 
and introduced through the behind of tiie fixed portion 
end into the^detector. . 

(0047] According to the abbve optica waveguide 
50 probe, becai^ tiie aperture 7 is provided at the tip of 
the Gptical waveguide 1 , it is possible to detect a sample 
optical property with a higher space resolution ttian that 
of the optical wavegiide prot>e of Emtxxliment 1 , simi- 
leuly to the above. 

55 

[Embodiment 4] 

[0048] FIG. 4 is a structural view illustrating an optical 
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waveguide probe showing EmbodimCTt 4 of this irr^eh- 
tion. This optical waveguide probe characterized in that 
the optical waveguide 1 In Enibbdirhbhif 2 sfriicttired 
of a single light trarisrmssiye material 1 0. -The ' Jiahl 
transmissive material 10 is ve(iBnq<i\BxW sedtioh 
with one side length of from' b lun to 1 00 ^m: the rria0 
rial and deposition method of the light transhrti^sJyj^ 
material 10 are same as those of core 8'arid daddirig^d 
of Embodiment 1: The dimensions and materiai^' of 
other elements are same as those of EnrtbGdimeni 2: 
[004^ The optical waveguide probes showri in 
Embodiment 1 to Embodiment 3 require' to Introduce 
light only to the core 8. However, acoprdihg^to the above 
opb'cd waveguide . prot^' light nia/ t^ie introduced to the 
light transrnis^ive material 10 that is 'ihlci^er^^ 
core 's. , Accordingly, the irftrodubtion .bf iight to the bpt^ 
cai waveguide 1 1s easier than ih the qsticsU waveguKJe 
probes ^own in Embodiment 1 to Embpcfiment 3. Alsol 
bec^e tile material of the <^cal vt^egidde 1 sin- 
gle, xjia^nxOsi^B 'te easier-^ than/ for the optical 
wa^e^de prdbM^ shown In Embodimeit j to Embbdl- 
m^it 3. , , * . .. 

lEmbodimeirtS] '} ''f \ [. ..-^"^^ 

[0050] FiO. 5 a strubturial view ilTu^b^ an ppttb^ 
wavieguide probe ^own m Entxxfimwt 1 tb Embodi; 
ment 3 of this invention. This optical wavegukile probe is 
characterized in that the optical waveguide 1 of Embody 
iment 3 is structured of a single light trarvsnriissfve' mate^ 
rial 10. The shape, dimension^ material and deposition 
method of the Dgm tr^smls^y 10 eue sahie 

as thc^e of Embodimehi^^.^]^^ rmteiial 
of the bther elements ar^ S£^ as thbse of EiTt)odiment 
2. and eoqplahatidrs a^^ prrtrttaj. J' ; ^'^ ^ , f / \ . ' 

[Embbdinierrt^fei'' ' " ' ^.^ ' 

[00511 FlGs. 6A. 6B, ob. 6D/6E, 6F, 6Q €Uxj;6H^e 
explanatory views>howing a hr^ufaLCture mettibd for 
the optical waveguide -[S, 
FIQ. 6A depicts a process tolbrm ari c^cai waveguide 
rndd on a sut)strate, shdyjring a istate tf^rt cu^ .etch ma^k 
12 is formed on a substrerte"* 11: In is 
assumed hereunder ttiat a top siDface df.the^^o^ 
11 i^ a main surEace whiljst ^n mderside ci^ fhe substrate 
1 1 Js a back siirkce. Th^ etch mask 12 possesses disj- 
trflsjution in thickness. The thickness of the .sutxstr^e 11 
is from ^00 iim to 1 mm. The etch rnask 12 ha^ a irso^r 
mum Ihidsness portion with a thidot^'of from 100 nrh 
to 100 ijiri. A sut^strate 2 b fbnmed by the sut}strate'1.1 
wherein the material'of the substrate 1 1 ii^ same as th^ 
of the substrate 2. . . , : 

[0052] The etch nmsk 1 2 is of dielectric such ^s pho- 
toresist or SlOz or metal such as Al or Cr. Also, semi- 
conductor such as GaAs or InP is usable. In the case 
where photoresist Is used as a etch mask 12, the Qho- 
toresist is exposed using a photo mask having a gracSa- 
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ton with an emulsion n^s'k or dot patlOT into an etch 
mask 1 2 ha^ng a thjiO^ Where dielec- 

ixic ar tribal is used a wak^m^&iai, the, etch mask 
, 12 is tbrmil by forrriing photoresist haying ttiickness 
5 'cfisb^utidn 'as abovei. on a mask rhaterial arid ahisqtrop- 
iccin/dry etohed by'such as reactiye ion etdhing '(here- 
^ Vnafter atsbreviated as RiE) to transfer a resist sha^e 
brtto tfie fhask material. Alsp.'the etch mask 12 may be 
fprnnied haying d ti;ddcn^ distrtoution by (sattefhing the 
10 rriask^^ material tbrpOgh tsctrqbic! etching ' itidi'. as dry 
elchlrigdfw^ etiih^ ; 
[0(163] FIQ^ bCdepicts a p 

qptic^l waveguide on the substrate, aS;a top plan view in 
a state that a nriold for errbedding an op^^ 
IS is forrned, Meanvyhile, FiG, 6D fs a sectiorial view taken 
albng tine a : bin FIG. 6C. The optical waveguide^ r^ 
if rf^ir'e^ented by a tfiree dim^nsfonal s^i^^e, is d hc^ow 
having a vessel ishap TTie ar^-'cc^^sii^^ an 
ppticdWaye^ldde; prc^i.^ 
ySO berk^ the dj^>th of the hp^^^ frofmis to 
The optical waveguMe^ mp l^nrned iLsrng the 
mask12by anisptr^ic^cfay bririduc- 
tiph couplir^ plasma etdfting ^ ] V ' 

[0054] BecaL^e tfie etdi maskfl 2 has a thidiariess dis- 
ss tribufipn.^ it is fonri?^^ dry inching, a sim- 
ilac' shape to thef etch, mask 12, Is trarisfirred onto the 
sub^tira 1 in a d^f^th direptipri. if hnay be fonried'using 
thjs'etdi mask 1 2 by l^o^opic dry etchirig or wet etohing. 
pi^erwise, it may be torr^^ using the etc^ rrask 12 on 
30 a siRcpri ^j^^titrte by cm'^dlropi^^ etehing. ' ' ' ; J j 
[0055] Metarwhile, Ngl 6B de^ 
a mold for embedding an optic^ v^e^ 
strate, niMstr^ng a.ste$ aii'etch'iiia^ is'fbrmdd 
or^! the» isid^^ 1 i . Jhe eteb ^ra^ tiiidoi^ 
35 of from to iob im^Trte ma^ 

trie su^ or 
Cf^airti Vem^^ ^c^^as Qa^ or InP. ih the case 
bfj using^ ^ ^etc^.^rii^k 1 a ^rrbfel tor'em^^ an 
q^csJ v^eg^^^^ 
4o act iftie t^nealh the dtch rnask 16 By' an j^^opic;^ 
etch pi: wet p^ pr6cess.^ A^^ a n^ki for ei4^^ an 
pptical ' way^ dan be fbnried by. ahickitrt^ 
etching on a silicon substrate using the etch mask 16. 
[OOj^ By.erTi>^^ng an optical wayegukje in a rnold 
4S haviifig a mdderafe dirye. as shewn iri/^IQ. 60, ari opti- 
cal waveguide prcbe can be jfornied in^ hook form. FiQ. 
6E depicts a prc»cess to embecT w opticad v^iegu^^ 
an opticsU wayegu^ fipki. illustrating a 

statei fornied with ah optical waveguide. Qri the sut>- 
60 strata 11 a dadding material 13 is deposited arxi apat- 
temed core material 14 is deposited theireon. Further, 
over that a cladding material 15 is deposited The 
refractive index of the cladding material 1 3 and the dad* 
ding rnaterialj15 i^ iower/elative to the refractive index 
ss of. the core material 1 4. The refractive index of the dad- 
dirig material 13 and the dadding rnaterial 15 is the 
sarna Meanwhile, the cladding material 13 and th 
dactefing material 1 5 may be different in refractive index. 
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The dadding matenal 13 has a thickness of from 1 jim 
to 300 pm. The core rraterial 14 has a thickness of from 

I \m\ to lO^tm. The core matenal 14 after patterned has 
a total width of from 1 pmto 10 pm with reject to a ver- 
tical direction of the paga The (padding nrraterial 15 has 
a thickness of from 1 pm to 300 \sm. 

[0057] First a dadding matenal 1 3 is deposttsd in the 
moki for embedding an optical waveguide steivn in FIG. 
6D. Then a core matenal 14 is dqx)sited nrdi patterned 
using photolithography. At this time, if the rxKs^d for 
embedding an opti^ waveguide is- large in st«^ and 
photoresist is difTcult to evenly apply, elecfro-depcsition 
resl^ is effectively used. To use ^ectrD-dq30sition 
resist, a core material 14..te first deposited and then 
electrq-def>osition re^^ is applied after d^x>srting a 
conductive metal of Ni. Au. Al or. Cr. as an electrode 
nnaterial, followed by patterning using phctditfiography. 
Then a dadding matenal 15 is^leposited. The method 
of depositing tiie cladding n^&nal 13. core material 14 
arKi cljadding material. 15 indudes GVD, sputtering, vac- 
uum 6\^aporatibn, etc. Where silicon dioxide, ised 
a material ior the dadding rnat^efia! 13, core nr^erial 1 4 
and dadding material 15, ttie refractive index is control- 
led by doping fluorine, germanium, or ksoroa Mean- 
while, where CVD is used as a depc^on method, the 
refmctive index can t>e varied by output control during 
deposition. 

[0058] FIG. 6F depicts a process to separate the opti- 
cal waveguide along the mold for embedding the optical 
war/eguide, ilEuslrating a state the optical i^raveguide is 
separated. In the state as shown in FKa,, 6E, a resin is 
filled in n hollow area arxJ thereafter the sut^strate 1 1 is 
at>raded by polishing or lafping to the origiral plana 
After abradoa the removal of the filled redn pro^des a 
state of FIQ. 6F. Where the dadding 13, core 14 and 
dadding ^ 5 are deposited in the mold tor erTt>edcfing an 
optical waveguide, the thideiess of a diel^:tric depos- 
ited is smaU at a wall px>rtion shown by an arrcfw A in 
FIG. BE as compared to a parallel region on the sut>- 
strate. Consequentiy, after ab-asion . ttie optical 
waveguide 1 has a prr^ needle portion 5 given a 
sharpened state in the yidnity of its summit Also^ with- 
out using abrasion, the optical wavenuide can t>e sepa- 
rated by photolithography. 

[0059] Fia 6G and Fia 6H inustrale a process to 
separate! the optical waveguide probe from the sub- 
strate, respectively, showing a state the optical 
waveguide is exposed on a main siirface and a state the 
optical waveguide probe is separated. In FIG. 6F the 
optical waveguide is exposed by 5)erfbrming dry etching 
or wet etching from the main surface of the suk^strate 1 1 
into a state of FIG. 6Q. Thereafter, where ttie substrate 

II is silicoa the optical waveguide probe is separated 
by antsotropical etching from the back surface using 
potassium hydroxide (I^H) or tetramethyl ammonium 
hydroxkle (TMAH). Where the 6ufc>stFate 1 1 is other than 
silicon, the optical waveguide probe is s^^arated by per- 
forming dry etching or wet etching from the back sur- 


fiace. . . - 

[QOSO] According to the process d^crS>ed above, it is 
possible to easily nnanufacture an optical waveguide 
prot>e of Embodiment 1. The manufacturing method for 

5 an optical waveguide probe of Embodiment 2 can be 
carried cut by making an optical waveguide probe in the 
manufactui a , method for Embodiment-I qntical 
^ wavegukJe probe and thereafter depositing a metal 
nateriai such as Al or Cr to form a metal film coating 6 

10 around the optical waveguide 1. The manufacturing 
method for Embodjment-3 optical wavegukle probe can 
be carried out by depositing a rn^J material to form a 
rne^l film coating 6 ii^ior to the process explained in 
FKjL 6E, . putting fonrard the process to FIG. 6K and 

IS finally d^:)odting a metal material to be formed into a 
metal film coating 6 oyer the entire optical waveguide 1. 
[19061] The maniffscturing method for tiie cptioal 
' waveguide probes of Emtsodiment 4, 5 d^xssHs only a 
light iransmisslve material 10 instead of depositing a 
dadding 13, core 14 and dadding 15 in the process 
explained In FIG. 6£. The other processes are same as 
the optical waveguide probe manufachire method of 
EntKXfment 2,-3. The aperture 7 is removatsly fbnmed 
by etching the metal at ttie tip of the probe needle por- 

25 tion 5. The aperture 7 may be fonmed by depressing, 
afft^r .metal deposition, the tip portion onto a solid sur- 
face. Also, the 9p&rfxjre 7 nriay be .formed by, after metal 
deposition, depositing a mask material such as photore- 
sist to conduct dry etching such as RIE. 

30 , [ ' ^ / . , ^ 

[Embodiment 7] . 

[0Q6i2] FiGs- 7A, 7B and 70 are explanatory views 
tllifstrating an optical waveguide probe manufacturing 

35 nnethod according to Embodiment 7 of this invention. 
This figure shows a process to fbnn a mold for an 
w^vegukfe in the sutistrate, wherein the other proc- 
esses are same as in Embodiment 6. FIG. 7A shows a 
state tfiat an etch mask 17 is formed on the sutjdrate 

40 11.1Tieetchnriask17teanetchma^ 

form with at least two steps or mora The substrate 1 1 
uses sOicoru The etch mask employs dielectric such as 
sifrcon dioxide, silicon nitride or photoresst 
[096$] FIG. 7C illustrates a state that a mold Is fbmned 

45 to embed therein an optical waveguide. FIG. 7B illus- 
trates a state that an etch mask 17 is used to conduct 
anisotropic etching, showing a state that a first step of 
the etch m^ Informed stepwise is left Thereafter, if 
etching is continued, the f irst step of the etch mask 1 7 Is 

50 removed to leave a secorxi Step and the sut>sequenL In 
this statia if etching is continued, a state of FIG. 70 is 
ot)tained. Also, the etching may be stopped in the state 
the first mask is left to ot>tain a state of FIG. 7B, and the 
left first st^ mask is removed by etching and then tiie 

65 etching is further continued with the second step mask 
into a state of FIG 70. 

[p064] In this manner, it is possible to form a smoothly 
slanted aiHace of a mM for enrtbedding an optical 


8 


15 


EP0964 251 A1 


16 


waveguide by conducting anisotropic etching using a^^ 
etch mask 1 7 fornied stepwise with at least twvo steps or 
more. Furthermore, the manufacture of an optical 
waveguide p-obe using a nrxild tiaving such a smbothly 
slanted surface rnakes ft possible to emit the Itgh^^^^ s 
duced in the optical waveguide 1 through a tip of -the 
optical waveguide 1 . Also, the localized light on a sanv' 
pie surface detected by the optical v/aveguide tip can be 
efficiently transmitted and outputted to the other end of 
the optical waveguide. ' = . > 

[EmbocfimentSl / -'^ ' 

[0065] FIGs. 8A. 8B and 8C illtstrate ah axplanatdiry 
view showing an optical waveguide prd>e mahiifacbjr- is 
ing metfiod according to Emtxxiirhent 8 of this invenf 
tion: FIG: 8A illustrates ^ process to form a mold fbr ari 
c^cal waveguide in the substrate, showing a top plan • 
view in a state an etch mask 18 is formed on the sub- 
strata 11. The etch rnaski 8 Cises a same'ohe of aiV ^ 
the etchn^k12. etciinmsk16ar)detchrhask17. * 
[0066] FIG. 88 illiterates )a process to fprm a mold for 
embedding' ian optical wav^uide in"the subistrate. as a 
top plan view in a state a mold for emt^eddirig therein ^ 
optical waveguide ts formed. Aiiso,'FIG. 8C is a sectiOT^ ss 
view taken along liiie a - b in FIG. 8B. The motd for 
eni^edding an optical wav^ide is a ist^ having a 
slant surface cbnnecbhg bettKreen'two of a paralli^ flat 
plane dnd a parallel fiat plaiie, whereih tfie slant surface 
comprises one or more pianes. Meanwhile, the slant 30 
surface connecting the piarallel flat pl^ries may be a 
curved surface. The method of forming a mold to embed 
an optical wavegukJe differs dependng on the kind of an 
etch mask 18. and the method Is same as in Embpdi* 
ment 6, 7. ^er forming a mold for embedding an o^caJ ss 
waveguide, an opticai waveguide is fbnned in layer ther- 
eon. The mettibd and niaterial in layering an optical 
wvaSreguide is same as in EntKxJiment 6^ 
[0067] FIG. 8D iliinstrates a process to' patterri 8ui o^'- 
cal waveguidis into a pn^ie fqrmi which is a t6p viewy 40 
showirig a patterned 6pticai waveguide in a probe form. 
FIG. 8E is a sectional view taken along line a - b in FIG. 
8p. After fprnrnng an optical wavegukie, patterning is 
tmde using photolithography.; BectitKiepps^tiOT resist 
is effectively used for a case ttiat photo resist be diffkxitt 4S 
to' efyen^/ apply due to l^e in the optical 
waveguide enr4>eddirig rnokJ. To use eledrdHiejpNOisitioh 
resist, an optical waveguide 1 is first dq3<^ed artd 
th^eafter a cbrKluctive metal of Ni. Au, Al or Cr as an 
electrode rhaterial is deposited,' aid^^ so 
sitiori Resist is applied and pattemed using photolithog- 
raphy. The process Use s^:>arating the optical waveguide 
probe from pe substrate to be cbnducted thereafter is 
same as in Embddirrient 6. 

(Embodiment gj 

[0068] FIG. 9 is a structural view illustrating an optical 


waveguide probe according to Embodiment 9 of tfiis 
invention. This optical waveguide probe 200 is struc- 
tured by ah optical waveguide 23 formed by a core 21 
for bansmittirtg light and a claddng 22 having a diffa'eht 
refractive index therefrom, a light reflective lay^ 24 cov- 
eririg ttils optical waveguide 23, and a sutiistrate 25'sup- 
porting this optical waveguide 23. A cantilever 26 is 
moderately t>ent toward an opposite side of the sut>- 
sti^e 25. The anKiunt of bending is given to a degree 
hot tCM cause optical foss. The cantilever 26 has a tip 
entirely sharpened. ^ ' 

[0069] TIG: 1 0 is a magnified view of around the tip of 
the cantilever 26. In this manner, at the tip of the canti- 
l6ver'26 the 001^021 projects from the cladding 22 or the 
light reflective layer 24, forming ah aperture 27. A 
method for forming an 'aperture 27 will be hereinafter 
descn^bed in detail. The aperture 27 tip Ihiias a Eadius of 
curvature given smaller tf^ 100 rim. The near field 
microscope has on' optical resoli^n increasing in 
inversia proportion to a radius of curvature of the ^>er- 
ture 27. Oh the other harid, tiie cx>r6 21 and cladding 22 
has an erid exposed to the'outskJe oh a substrate skie 
of the optical wavegukle 23. ^ ; 
[0070] ' The concrerie size of the optical waiveguide 
prbBe 200 ts a cantilever 28 length of 50 pm - 3000 pm, 
ai wid^ of 3Vni - 300 iim. and a thickn^ of 1 ^m - 20 
pfTl. Also, Ihia optical waveguide 23 has a lehgtii of 1 - 50 
mrti aiid a wkith oif 10 -1000 (im. The substrate 25 has 
a thickness of 100 |im - 1000 ^m and ari area of 1 - 
2500 square mm. > 
[POTI] - The resonant frequency for the optical 
waViegiikje probe 200 is set at i kHz - 1 MHz; This ts for 
AFM high speed operation, The spring constant is. set 
shnafl, le. 0.001 N - 100 N/ira By decreasing the ispring 
constant tt is possitde to decrease the interaction 
between the optioil wavegukie probe and the sanple 
and to accurately rheasure a soft substance, sudi as a 
biological sample or a pdyrher eari^e, without dam- 
age.^ ^' = - " ' ' ^ ^ ■' '• ■ 
[0072] Explanation is made on a ligfit transrmssibn 
foriti in an illuminatiorimode of the' optical wavegukie 
probe 200.^ Ah optical fiber 28 is ir^talled on the sub- 
strate 25 skJe of the optical waveguide probe 200. The 
Gght emitted from the optical fO^er 28 ts collected on a 
core end face 21a t>y a focus lens 29. The light intro- 
duced from tiie core end face 21a to'an inskle of the 
ojstlcai wave^ide 23 passes through the bore 21 and 
reaches the tip of tiie optical wavegukJe probe 200. A 
part of the light Is Oluminated through the aperture 27 to 
a sample surface! Because' the aperture 27 is set in 
diameter smaller than' a light wavelength, the aperture 
27 emits evanescent light significarTtiy attenuated on an 
order of the aperture diameter. ' 
[0073] Also, tiie Oght from ttie optical fiber 28 may be 
directiy introdiK^ed without using the focus lens 29. Fur- 
tiiermore. a fight source may be plac^ directiy on the 
sut^strate 25 skle of the optical waveguide prc^ 200, 
without using an optical fiber 28. Alsa th^ optical 
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waveguide probe 200 can be used also tn a collection 
mode, tn this case, the lig^n introduced througii the 
aperture 27 passes the core 21 btskJe the opticai 
wwegufde 23 and emitted through tfie core end (ace 
21a on the Sii^strate sida 

[0074] ' According to the opt'cai waveguide probe 200. 
it is po^ible to otTtain a resolving power exceeding a 
light ciffraction limit Next explained is a method for 
nrmnufocturing th^ q>tical waveguide pn-cx^e 200. FiGsi 
11 A and 1 1B are flow^iarts showing process for manu- 
facturing this optical waveguide probe 200. FIGL 12 to 
FIGL 14 are explanatory views showing a process for 
nmnu^cturing the cortical waveguide probe 200. 
[0075] FIQ. 1 1 A is an explanatory view demonstrating 
one. manufacturing method for an optical waveguide 
probe 200. In step S1 101 . a substrate 25' is rested on a 
work table. A silicon wafer (with a thickness of 1 00 ^m : 
1000 \jm) is used for a material of the sutastrate 25'^' 
Besides a silicon wafer, it is possible to use a di^ectric 
crystal such as of glasis or quartz, a semtcorKiuctor 
crystal such as of Si or GaAs, or a polymer materiai 
(FIG. 12A). . ^ 

[0076] In step S1 1 02. a dadding 22' (thickness 0. 1 ^m 
- 5 fim} is formed on the silicon wafer (FIG. 12B). in step 
S1 1 03, a core 21' (thickness 3 - 1 0 |im) Is fbhiried on 
the cladding 22' (FIG. 120). inst^ 81104, a dadding 
22* is formed on the core 21' (FIG. 12D). ; 
[0077] Fcr the core 21' and cladding 22*, dif^ 
/efractivities of silicon oxide are fprnned by a sputt&'ing 
method, CVD method, or vacuum evapoialion method. 
For example, in plas^ CVD. 1^ introdudng a fiua-ine 
gas for filni fonning, a low refractive index film can be 
tornrted ft&i, is to serve as a dadding layer, indd&iiaiii/, 
boron or phosphorus may be doped to silicon oxide to 
form different refractivitles of fiims. 
[0078] Also, the material to be used for the core 21* 
and dadding layer 22* indude, besides the above, glas^ 
quartz, cfieiectric material such as silicon nitride, poly- 
mer mat^ai such as poly methyl methacrylate or poiy- 
imide. . 
[0079] In step S1105, a pattern for an opdcai 
waveguide 23 is formed (FIG 12D). liie pattern for an 
optical waveguide 23 is formeci £ilong a 'mask torm 
made by photofithography by dry etching m&^ocl witii 
anisotropy due to reactive ion etching or induced 
plausma etching. The mask mat^ai employs amor- 
phous sii'tcoa polydlicon, single crystal silicon, metal 
film such as of Cr, Al. WSi, Mi or Au, or photo resist. A 
top view of an optical waveguide 23 pattern is shown in 
FIG, 12E '. The <^cal waveguide 23 is fonned sharp at 
its tip. 

[0080] In step S1 106, po^ide 30 (thickness 1 ^m - 
20 fim) is formed on the daddJng 22 (FIG 13F). 
Altfiou^ a maskpatte-n process is r«<)uired for forming 
this pdyimsde 30, it is a well known technology and 
explanation is omitted. 

[0081 ] Using this polyimide 30. bendng is ^mvided for 
the cantilever 26. A bending process will be described 


hereinafte-. Where photo ser^sitrviB polyirhtde is used, a 
pattern is formed by photdrthography, sin^ifying the 
process. The p^ioto sensitive polyimkje is applied by a 
technique of spin coating, cfip coating or spray coating. 

5 At this time point baking is corKluded at approximately 
70 T 100 ""C. Also, it is poss03le to as another mate- 

' rial a material that is high in fhential coefFident of 
expansion such as an eppxy-based resin or polym^' 
material. ' 

10 In jrfep S1 107, the alicon wafer is etched to 

forni a substrate 25 (FIG. 130). Etching m carried put 
from a back surfeice side using wet etching with anisot- 
ropy.such as a potasdum hydroxide (KOH) solution or 
tetramethyl ammonium hydroxide (TMAH). Ait&na- 

15 tively, anisotropic or isotropic dry ^ching ts usai^e. 
[0083] In step SIIOS, bending is provided for the can- 
tile/er 26 by the utilization of a difference In thermal 
' ooeff ident of expansion t>etween silicon oxide arvi pdy- 
Imide (FIG. 13HI). ine pdyimide 30 again cured at a 

20- V high tenrperature (400 ""C - 500 ""Q. Hie pdyimide 30 
high in thermal coeff ident of expansion, if returned to a 
room temperature, contrads. As a result large stresses 
are applied over a top surface of silicon oxkie. and the 
cantilever 26 is bent tn an opposite direction to the^b- 

25 ^rate 2^. , \ 

[0084] in ^ep S11 09, the cantilever 26 is sharpened 
by etching (FIG. 13[). A chanioal etch tViethod with a 
hydrogen fluoride soiuiidn \s employed for a method to 
sharpen trie .t^ of the optical waveguide 23. A tsasic 

30 method of chemidal etching indudes immersion in a 
hytirogen fluoride solution with a vdumetric ratio of 
Ni44F (40 wt%} : HF (50 wt%) : = 5 - 50 : 1 : 1 for 5 
1o $0 minutes to removean erKl of the dadding 22, etch- 
ing the core 21. 

35 [0085] FIGs.14A.14B^14GareexMancdoryvievi« 
illustrating a shairpening process. The optical 
waveguide 23 formed through up to the ^ep Si 108 is 
immet^ed in a hydrogen fluoride solution (FIG. 14/^. If 
the optical waveguide 23 is immersed in a hydrog^) f lu- 

40 oride solution, a meniscus M is poduced around the 
optical wavegukle 23 due to a surface terpen of hydro- 
gen fluoride. The optical waveguide 23 at a portion 
aioiird that covered t}y the nientecus M is iapered 0^ t^^ 
etch progression (FIG. 1 4B}. the meniscus M becomes 

45 smali as the ^cai wWeguide '23 becomes thinner, 
a result of etdd progression, the critical waveguide 23 is 
sliarpened (FIG. 14C). According to this method, it is 
poss^e to provkie the tip portion wHh a radius of curvia- 
ture in dimension of approximately 2 nm. Alsa high 

so reproducibility of tip angle is available t>ecause the core 
21 sharpened angle is d^ermined tiy a concentration 
fluorine in the core 21 . 

[0086] In step Si 110, a Gght reflective layer 4 is 
foimed over the opticai waveguide 23 (FIG. 13J}. By 
65 structuring the light reflective layer 24, where Gght is 
introduced into the optical waveguide probe 200 (collec- 
tion mode), it is possible to remove the Gght noise from 
a side surface. On the other hand, where light is illumi- 
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nated from the optical waveguide probe 200 GHumina- 
tion mode), it is pqssOtde to impinge light only onto the 
aperture 27 regiori/ As a r^tt resd^^^^ power can be 
improved. A metal filrh euch as of Cr; Al, Au or Ni is 
suited for a'materiar of the light reflective layer 24. '^The 5 
coating method, employs a sputter method, vacuum 
evaporation method or electrbless plating method. ' 
[0087] In this case, the aperUjre 27 is also covered by, 
the light reflective layer 24. Accorcfingly. the apertuf6,27 
requires to be removed of the lig^ reflective layer 24. 10 
This method uses aperture due to codde or alkali etching 
or dry etching, or a method of medianicaJ jy/eiric^^ by 
pressing the probe tip during AFM adiiatiori. Mean-, 
while, when'ai light reflective^f|m is formed by sputtering 
or vacuum evaporation, it is possible to form a. micro- is 
scc^c aperture 27 if ^ film be toned in a direction tiltecf , 
by .90 degrees from a direction of sputter or ^/aporatioh 
film forming.: / 

[0088] , Inadentany, no pro^em is caused in manufac- 
ture if the step Si 1 06 and the stej} 'SI 1p7 are reversed ^ 
in order. Also, no problem is caused Ifi n^arujfacture if 
the step S1108 and tiie st^ SVlQ9 are' reversed in 
order." . - ^ ' . ' ' ./ '* ' ^ , 

[0089] FIGL. 1 1 B is an explanatory vievy clenionstrating 
ahbtiiermanufacturing method for ah optical wayeguUe 2S 
probe 200. Step S1 101 to Step S1105 are same . ^s the 
process of FIG. 11 A. In step ST106;i,,8nicQn nitnde|3d 
(tiiickness 0.1 pm -S im) is formed on the'^daddTrig 2^, 
(FIG. 13p. TTiis silicon nitrid^rss i§l weri^^ 
and patterned i^'ng dry etc^ng.th^^ a phototithb-' so 
graphic process. "The silicon nirbi^e is overlaid Jn a high 
temperature^ state O^igher thaifi'iSo *'C)' by^PVD. SiBcoq 
nitride has a high tfiermal,cp^k:ierTt of exi^fisioh.t'w^ 
a result. that it. If retumed^tp a' normal ten^>#r^ 
appPied grieat stress 'to the dadding 22^ Jhe ol^ 36 
lectric materials iTia>r t>e i^ed a$ another ii^en'al with: 
out limited to silicon nitride, r ^ 
[0090] in step $1,107, th,^jsiiicbn wafer is etched to 
ftxm s^ sut>strate 25 {Fl6. ^i367. Etdiing is'ciTij^ olrt 
from a back surfece side using, wet- e^ing >^ 40 
ropy such as g potasstum.hydrddde ( solution or 
tetramethyt amnwnium hydroxide (TmAH). ' yMterna^ 
tiveiy, anisotropic or- isotropic: ^ ^ching is Ujsabia Ig 
this procesjs. a cantilever 26 is^^rmed and the.caniti|j^^^ 
26 is t>ent by great stress appiied to the ciadd^ .22. ; ' 4S 
[0091] Step S1109 (Fia 131*) is similfU' to f^occhss 
st^ S1 109 (FIG. 131) of FldVl lA- St^ S1^ (FIG. 
1 3J ) is sinrtilar to process st^ S1 1 i 0 (FIG. 1 3J) of 
11A. ' \. \, ■[ 

[0092] As descnbed afcxsve,- the optical waveguide so 
probe 200 ts manufactured through the silicon process 
as above, enabling bat^ processing, and being suited 
for nrtass production. Also, manufacture ^ on a wafer 
collective process, redudng variation. Furthermore, 
manufacture is by a silicon process, sts^lizing F»oduct ss 
property. Alsa the reduction in probe size increases the 
number per wafer, reducing cost 


'[EmtxxJim^ 10] 

[00931 . ,FIG^ .i|a. 15B. 15C and 15D are sectional 
views^hoyving opti waveguide probes according to 
Embodiment 10, of this invention. In an optical 
waveguide 23 of a three layered structure shown iri FIG. 
15A, a dac&fing 22 and a core 21 are formed in film on 
a'^'ljcbrf wafer,';and then patterned. Thereafter, a pat- 
tern for cladding 22 is formed. This optical waveguide 
23 e^btts^al^^ optical waveguide characteristic 
wiih !i^s jb|s because the core 21. is conpletety cov- 
ered by the cladding 22. 

tOQ94] . In optical waveguide 23 of a three layered 
structure shown in FIG. 15B, ajcladdihg 22, a core 21 
and a cladding 22 are. formed in f ilnn, ori a silicon wafer, 
and thereafter the tfiree layers are patterned at ^one 
time. Due to this, the core 21 at its upper an^ lower sur- 
faces contacts with the daiding^ 22. .biie to the 
at>sence pi a cjaddihg' 22 at side surfaces, the optical 
waveguide diaract^istic is inferior to that of the optical 
wiavegvtide of FIGr ISA but the .nnanufacture prpce^ 
can be reduced.. 1 / V 
[0095] An optical waveguide 23 shown in FIG. 15C-is 
of a^two layered structure having a dadding 22 and a 
core 21 oh a silicon wafer. In this optical waveguide, 
after |ijnvfoi;m|rtg t^^^^ 22 and tiie core 21^ the 

two layers . are ^ at one time. Because the dad- 

ding 22 exists only under^e.cpre 21, the waveguide 
characteristic is Ihfefribr to Ihe^optical Waveguide of FIG. 
1 5^ ^Ft.^e n^u^bc^ 

[Oti^ir Ah.optt^ i^dwTi'in FIG. 15D is 

of a ^faiicture fo on a'sil- 

ioon «^r« 1^e cojre 2^^^^^ 

light reflective i^er ^ or^ s>Kcpn w^fer The ^pptical 
waveguude d^acte^ i^ip^or^ ^lat &Vi\esSmfe 
optical waveguide b^^^^iest tn : . 

pnlpiir^^ '/ "'.^ : . 

[QiO^Tt j yeAi.anId 168 are iexp^^ views 

showing optical wavegukie probes acbcNrding to Embod- 
iment 1^,of^this ,inv€|ntiorv ThesQ optical waveguide 
prpt>es.2bl, 202 sure, in po^mide 30 forming 

pattern! in, FIGL '1 GA, pqlyimide 30. is formed on over the 
entire re^ri^of the cantilever 26 as the pblyimide 30 
formed in the iEdbove step S1 106. By doing so, the canti- 
lever 26 can be largely and moderately bent in the bend- 
ing process of the step S1 108. This provides a tavoratsle 
optical waveguide characteristic with less loss. 
[P098] in an optical waveguide probe 202 of FIG. 1 6B. 
polyimide 30 was formed on over the entire cladding 22. 
This provides a furtiier greater radius of cunmture, fur- 
ther reducing op^cal loss. Also^ . no patteming is 
required for the polyimide 30, also providing an effect of 
reducing the nriamifiacture process. In tiie optical 
waveguide probes 201 , 202 of FIG i6A or RG. 16B, sil- 
icon nitride may be used in place of polyimide. 
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[Embodiment 12] . • . : 

[0099] FIGs. 1 7A, 1 78 smd 1 7C are eaqplanatory views 
shewing an optical waveguide probe according to 
Enrdxxiiment 12 of this inveition. In an optical 
waveguide prot>e 203 of this Embocfiment 12. the canti- 
lever 26 is formed with grooves to locally reduce the 
thickness thereby ethandng a bending effect As 
shown in FIG. 17A, grooves 31 rectangular tn sentfon 
are formed in the cantilever 26. and potytmide 30 is 
formed thereon. This reduces the moment of inertia of 
section on the cantilever 26, enabling targe bending. 
Inddentally, the grooves 31 are formed after the dad- 
ding forming process (step S1 104). . 
[01 00] Also, the groove fomi is not limited to r eciangu* 
lar. For example, it may be in a sectionally wedge form 
as shown in FIG. 17B. ipr s^onally U-character.fbrm 
as shown in FIG. 1 7C. Further, the grooves may be pro- 
vided in tfie daddihg 22 on the substrate 25 side as 
shown in of Rg. 18A. Alsa the grooves 31 may be 
formed in the claddings 22 on the upper and lower 
sides, as shown in Fig. 18B. .Although not shewn, the 
groove form in the same figure may be in a sectionalty 
wedge form or sectional'y U-charader form as were 
shown in the above FIG. 17B and FIQ. 17C. This can 
also largely bend the cantifeK^er 26. In the, optical 
waveguide probe 203 of FIGs. 17A, 17B, 17C and FIGs. 
1 8A, 1 8B, silicon nrtride may be (ised in place of polyinv 
ide. . 

[Enrtxxfiment 13] ' . 

[0101] FIG. 19 is an explanatory view showing a 
method for manufacturing an optical mveguide probe 
accmfing to Errfoodiment 1 3 of this inventioa The man- 

~ ufiacturihg method for an dpticai waveguide pcnc^ 204 
according to Emtxxliment 1 3 es ^aracterized in th^ the 

. cantilever 26 is bent by las>er light heating wHhout using 
polyimide 30. The laser light R emitted from a laser 
oscillator 32 is focused on the cantilever 26 t>y a lens 33. 
The dadding 22 illuminated by the laser light R 
greater in heat absorbing amount than the cladding 22 
on the opposite sida Due to this, the cantilever 26 is 
t>ent in a direction impinged upon witii the laser light H 
t>y a surfoce tenaon of softened oxide silicon. The 
berxfing should be in a range of 10 degrees to 90 
degrees. The adjustm^ in a radius of curvature is per- 
formed t>y a laser light R spot size. In ttiis case, tiiere is 
no necessity of teaming pdyimide 30 as i^ed in the opti- 
cal wavegukie probes of the above EmtxxGment 9-12. 

[EmbocBment 14] 

[0102] FIG. 20 IS an explanatory view showing a 
method for manufacturing an optical waveguide probe 
accordirig to Embodiment 14 of Ihis inventioa In the 
optical waveguide probe according to tiiis Embodiment 
14, a pattern for an optical \^veguide 23 is formed tsy 


isotropic etching and simultaneously the cantilever 26 at 
its tip is formed into a sharp.fomt tn patterning, wet 
etching with a hydrogen fluoride solution r dry etching 
is used for exampia Alsoi patterning nray be made t^y 

s reactive ion etchirig with a mask of a metal such as Al. 
Cr or WSi or pfioto resist In this optical waveguide 

' probe, the cladding 22 on the sutvstrate 25 sede is 
formed thin. The thickness of the same cladding 22 is 
prisferabiy at approximately 0.1 im. \ 

10 [0103] In the manufacturing process for this optical 
waveguide prot>e, a cladding 22, a core 21 and a clad- 
ding 22 are formed in the order through the processes 
of the step S1 101 - step S1 104 in En^^odinrvent 9. Next, 
isotropic etching is used in the process of the st^ 

IS S1 105. By tii^ process, the optical waveguide 23 at its 
tq> is sharpened on tiie sut^strate 25*. Sut)sequentiy, 
performed are the processes of step S1106 - step 
S1108 (FIG, 11A) or the processes of st^ S11061 - 
st^ S1 107 (FIG. 11B). tn tfiis case, the step 81109 

20- ^ (sharpening process) of Emtxxliment 9 unnecessary 
and ortiitteil Firially, a light reflective layer 24 is formed 
around tile optical waveguide 23. There is shown in 
FIG. 21 a magnified view of a completed cantilever 26 
tip portion. 

25 [0104] In this manner, the cladding 22 and core 21 
sharpened t>y the isotropic etching are 6)qx)sed from 
the ught reflective layer 24, thus forming an aperture 27. 
This reduces ttie manufacturing process as compared 
to the op^csd waveguide probe of Ennbqdiment 9, pro- 

30 vtding improvement in yield and shape stabO'izatipn. 
Incidentally, the bencfing process (step 81 1 08) cari use 
a technque of Enrfoodiment 13. In this case, it is possi- 
ble to omit the polyinrdde forming process. Also, the 
tecfvtiques of Enrdxxliments 11 arxf 12 may be ^^ro- 

35 pricrtely used. 

[Embodinient 15] 

E010£>] FEG. 22 IS an explanatory view shoMdng a 

40 method for martufocturing an optical waveguide probe 
according to Embodiment 15 of this invention. In the 
optical waveguide probe of th^ Embocfiment 15, an opti- 
cal waveguide 23 pattern is fcmned tsy antsotroptc eteh^ 
ing and simuitEmeot^ the cantilever 26 at its tip is 

45 formed in a sharp form. 

[0106] In the marujfacturing process for this optical 
waveguide prc^. a cladding 22, a core 21 and a clad- 
ding 22 are first formed in the order in the processes of 
the step 81 101 -step 81 104 of Embodiment 9. tnctden- 

50 tally, the dadcSng 22 to be formed ori an upper surfoco 
ot the core 21 Is formed thin. The tfiickness of this clad- 
ding 22 is preferatsty at approximatdy 0.1 |im. Next, the 
step 81 105 uses anisotropic etching, in this process, 
first the sio^strate is tilted by a predetermined angle 

55 (eg. 45 degrees). In this state, etching is conducted to 
sharpen the t^) of th optical waveguide 23. Also, simul- 
taneously with this, a pattern for an optical waveguide 
23 is formed. The mask material for etching uses amor- 
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phous silicon, polysiltcon, single crystal silicon, metal ' 
such as Ai, Cr or WSi or photo resist Etching uses dry 
etching witfi high anisotrbpy. For es^^le/ reac^eTo^ 
etching, induction cbupliny plasnra ^tc^in^ or theli^^^ 
used. * '' ' *• * "* , 5 

[0107] Subsequently, perfbmied are the processes ^gf 
step S11 06 - step S1 1 08 (FIQ. 11 A) or the prdcess^^^ 
step S11061 - step S1107 (FIq. 11B). In this case, tfie 
step.S1109 in EmkxKiirnent 9 (sharpening process}^ is 
not necessary and OTrtted! Rn^^^^ a. Irg^rt refjectivf 10 
layer 24 is formed around the optical wavegiiicJe 23^ 
F16. 23 'shows a magnified view of a completed canti>- 
lever 26 tip portion. * : - > 
[0108] In tiiis nianher; the claddi 
sharpened by the anisbtropic^^ching are exposed froni 15 
the light rerflective layer 24. thus forming aiii aperture 27. 
This reduces thi^' tnahtSwurihg prbces^^as cbn^^ed 
tb the optic^ waveguide probe' of lEmbbdlment 9. pro- 
vidif^ improvement in yieM' dnd shape st^ilizatibh. 
Inddetn^iy. the berxlihg proce^ ^ 
a techriique of Embodiment 13.' |h this case, tt is pc^i- 
ble to brr^ the pbiyfrrude, f^nriing process; Alsa the 
techniques of Enflbddiiifierits' 11 and 12 may be appro- 
priate^ cvsed., ' ' * * ' ■ . 

^ " ' ■ ' ■ \ ['^ 25 

[Enibodiment 16] , Lv" 


[0109] F|Q. 24shbw«an expl^r^ an 
optical waveguide pirobe :acc6fdihg to E 16 
of this inv^ioh. This qirttcsri wavi^ hai, 
in Embodirnent 15, an o^ca! ^ywegui^^^ 24 
formed around tii'e optida];>^ 23 whhckirt l3eiid- 
ing tfie optic^ w£Kr|^uide 23 sharpened ti^^w^^ 

etching. J" . " ' ' . 

[0110] The rrianufac&ring proM^ ttiis optical 
waveguide probe 30d Is ctarne as' in ErfttKcfimer^ 
excepting tfiat the polyinrude forming pr6cesi^^(step 
S1 106) and the bending process (st^ S1 108) are omit- 
ted from Errixxiiment 1 5 (FIG. 1 1 A) or the isilicon nitride 
fbrrrurtg process (^ep S110,61) is orr^ed fcom Erabodj- 
m^ 15 (FIG. 11B). The t^ of tfins opfacal y^avie^uKie 
probe 300; is shaiT^ned.' tsy^' ani^^ 

shewn in a ^f^hi^^A^^ ^ 1^ a 

surff ce ca^ be me^sur^^ by j^rgely tilting 
to a^sample or vertically p^acemWit jncidenrtany, 
enihg may be rradie usirig isotrcpic etching Jn ^^rt^^ 
mwjt 14.,,.. - .. 
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[0111] FIG. 26 is an explanatory view showing an opti- 
cal ^yvaveguide, probe structure accordinjg to. Entbodi- 
m&Tt 17 of this invention. This optical wavegu^e fi)^ 
400 has a dielectric material 34 formed at an underside 
of the cantilever 26 so tiiat the cantilever ^6 is bent by ss 
utilizing a thermal coefTident of expansion thereof. Th 
dielectric mat&ial 34 iises silicon oxide doped, for 
exanrple, with fluorine, boron or phosphorus. The die- 


lectric material 34 has a th^mal coeffident of expan- 
sion smaller than that of the overall optical waveguide 
23. As a resuH. bending stresses are ap^sRed to the can- 
tilever 26 so that tfie Cfarttijever 26 is. berit toward the. 
opposite side to the substrate 25. Incidentally the canti- 
lever 26 may be formed with grooves 31 as described in 
the above Embodiment 12. ^ • ' ' ' 


[Embodiment 18] 


fig: 27 is a schematic explanatory view of an 
optical waveguide probe acbprding to Erht^iriiea4 18 
of this invention.^ this' bpj^cai waveguide' probe's^ 
dnaracteriz^ t>y prcyiding a g^oove 35 hi the siit^^ 
25 in cuder ' to fadfitkt e 'cpupdung betweien the Ojptical 
waveguide 23 and the bprtical fiber 28^Tto Rup- 
tures are same as in the abb^ ' ' ; 
[0113] A'gi;ocyei35 inky-ch^ 
the si^stiBte 25 in ai nrtiarinbr nr^tc^ed to^d!^*^®^^ 
the^opti(^fibel'2i8/T^ |5 soHieuyHt^ 
gate in order tb form a' #6c^e [sjs: The prodve 35 is 
formed; lising an anisotr^ 

diy etchirtg ih OTjsbtrc^^ it is 

possQt3|e f^^^^ anisorf^^ etching using TMAH to form 
h V^aracter forrn^ grdbve 35 ha^nng a ceitdn 1^ 
b^ utiAzirig an .etch^ 

^cesL ilie^qatica^^^ is positioned by two slarit suf- 

i^ces .qf 'the groove 3l5/ An adhesive vy^^ is to be sk 
by Uy ray i^ed to fix ti)e 

incidentaily;' other adhWt^es tii^ this' may be Used, the 
optical f ber 28 at its end may be closely contacted With 
an end of the optical waveguide 23 in a state that the 
optical fber 28 fe In afixed state. - ; ' ■ 
[0114] The light from a ligfit source 36 Is focused on 
qqe aji^ce 6f ihe fibie- 28 by a lefKS 37. jHe] ji^ht 
irnra^ dptidai; ffi)^ 

iriSkie.i^the opti^ 

fao^ ijtie l^gjfrt'ehntted fro^ end svir^<^ of 
.caliber28 entetfstrt^ " 
1011^ ' tf JJie fber 28 is ppsrtiph^ ih portion by 
proyidir^ a gro^ 35 iri the sutetrat^ 25.ks abdve. the 
[sJigrvTOiTt .of the^^^optidsJ fbe^ 28. with the; optical 
Waveguide 23 ' is' eas;y ' ih' ^ ther^^etwideh. Ind- 

'tfertaily; th(B s^^ a U-char- 

acker;fonr^ 'or recess fornV lirnited to' the V- 

cfeiadtiw^ forrn. . " \ , 

[&n!bo^ . . '\\ " - . : 

[0116] 'FlQ, 28.^astructui^ 
probe rrBcrosTOi^e adc^^ Embodiment 19 of this 
inverrtionVThis scanriiiig probe mid^oscope 1000 is'pro- 
vided with an optical waveguide probe 200 (- 500), a 
light source 51 for optical inforrmttion measurement a 
lens 52 plac^, in front of the Gght source 51 , an optical 
fber 53 for trarismitting the light collected by the leris 52 
to the optical waveguid probe, a prism 54 for reflecting 
the propagation light caused at a tip of the optical 


13 


BNSDOClD:<£P 096425 1A1 1 > 


25 


EP0 964 251 A1 


26 


. wavegukle probe placed under a sanrple W. a lens 55 
for focusing the reflected propagation light reflected by 
the prism 54. and a photo detector section 56 for receiv-^ 
ing the focused propagation light, which were.showvn in 
Embodiment 9 to Embodiment 15 and Enrtbodiment 17 
and Embodiment 1 a , . . 
[0117] Also, there are provided, abo^e the optica! 
waveguide probe 200,. a laser osdl]3ton57 for ouiputting 
laser lights a -mirror 58 for, reflecting the laser light 
reflected i4>on.the optical waveguide probe 200. and a 
vertical^ tyvo-divided photoelectric converting section 
59 for receiving and pfiotoeledic^y converting the 
reflected laser light Further, there are provided a ifough 
movement mechanism.60 and foie movement mecha- 
nism 61 ! for moving .arxi coritrolfing the sample VV and 
tihe prism 34^ in XYZ directiOTS, a servo mechanism €f2 
for driving th^e , rough movanertt mechanism 60 arid 
fine movement mechanisrn.61, iu^ a pon^uter 63 for 
controllirig me overaJrapparatusl This scanning prote 
miapsoope ,1000, fe suited for hieasurement. In a 
dyrianiic mode or contact. rnode. . 
[0118] Explanation is then made pri the b;:^eratipri 
this scanning probe nracrpsoope lOM, The las^ 
errutted from the laser oscillator 57 is reflected upQii the 
optical waveguide probe 200. The djpiflcal'way 
probe ZOO is displaced by an attractive or repdiing force 
to or from the sdnrtple W. Due to tfiis, the reflected laser 
light defleds which is detected by the photoelectric con- 

yerHng section 59.^. , 

[0119], The sigrial detected by tine photoelectric oon- 
verting sedfion 59 is sem to the seiyo mechanism 62. 
The servo mechanism 6& ophtrols'the rough movejnerrt 
ihechanlsm 60 and fine nriovement niechahism 61 
based on a trarism^on signal such that the optical 
waveguide prdbe 200 approaches the sarnple vy and 
that tiie deflection of tiie optical yvayeguide prdte 
not e»ieed a specified valife during observing the sur- 

] face. The ccxnputer &3 receives information on surface 
geometry from thia control signal of the servo ntedha- 
nism 62. 

[01201 Also, the Hght emitted from the light source 51 
is focused by the lens 52 to reach the optical f ber 53. 
The Gght passed through the inside of tiie optical 
53 is introduced irrto the optical waveguide 23 and iDu- 
minated through its aperture 27 onto ihe sample W. On 
the other hand, the optical information about the sample 
W totally reflected by the prism 54 is focused by tiie lens 
55 and introduced into the light detecting section 5b. 
The signal of ti?e light detecting section 56 is acquired 
through an analog input interface of the computer 63 
whereby it is detected as optical intbrmation by the com- 
puter63. 

[Embodiment 20] 

[01 21 ] FIGL 29 Is a structural view showing a scanning 
probe mtcrosoc^e according to Embodiment 20 of this 
Invention. This scanning probe microscope 2000 is pro- 


vided with an, optical waveguide prc^ 300 shown in 
Embocfimerrt 16, arid Embodiment 18. an excitation 
means 71 for hdding the optical waveguide probe 300. 
a light source 72 for optical information measurement, a 

5 lens 73 placed in front of the light source 72, an optical 
f ^r 74 for propagating the liglit focused by the lens 73 

' to the optical wavegukie prot>e 300, a lens 75 placed 
under the sample W to focus the propagation light 
caus^ at the tip of the optical waveguide prc^ 300. 

10 and a light detectirtg section 76 for receiving the focused 
propagation light. 

[0122] Further, there are also provided, on a lateral 
side the optical vwavegiiide probe 300. a laser oscilla- 
tor 77 for outputting laser light a ferts 78 for focusing 
15 laser light, and a photoelectric converting section 79 for 
receiving and photoelectrically converting tfie laser 
light Further, provided are a scanning means 80 for hol- 
' ing a ^anriple, and a control means 8i for controlflng tiie 
overan app^tus. ' ThQs scanning probe micrcfsccpe 
20- ^ 2000 is suited for measurement in a ^sure force nxxie. 
[P1 23] Jhe light emitted frorii the laser oscillator 77 is 
focused by the^ iens 78 onto^the optical waveguide probe 
r^on£UTt-y9t>ratk^ by the excrtation means 71. The pro- 
jection light of the optical waveguide probe received 
25 and photbelecbicany converted by the photoelectric 
converting section 79. The irrfbrnnation from the photoe- 
lectric converting section 79 is conveyed to the control 
means 81 • The control rneans 81 controls the scanning 
means 80 based on, the infbrmatlbn to maintain con- 
so stant the spacing between a tip of the optical waveguide 
probe and a sarnple surfaca 

[01 24] On tiie other hand, the light emitted from the 
light source 72 is focused on an end face of the optical 
f ber 74 by ttie Im 73. Sut>sequentiy. the light passed 

35 through the inside of the c^cal f&er 74 is introduced 
, into the optibai waveguide 23 of the optical wavegukJe 
prd)e, and then illunmiated tiirough the aperture 27 
thereof tQ the sample W. This optical information is col- 
lected by the tens 7b and detected by tiie light detecting 

40 section 76. ; ; 

^ 25] ' i=irbm ti ie atx>ve it is possible to detect changje 
in near field optical (^mracteristic due to XY scanning. 

the resonant .characteristic of the optical 
'waveguide probe 300 is varied by an atomic force acting 

45 between the optical waveguide prok>e 300 tip and the 
sample surface. If this variation is detected as an elec- 
tric characteriistic change by tiie control mearis 81. the 
sanpe surMce can be (Served in geometry by XYZ 
scanning. 

so 

[Enix>dimem21] 

fPI 26] FIG. 30 is an explanatory view showing a man- 
ufacturing method for an opfical waveguide probe 
65 according to Emtxxiiment 21 of this invention. For the 
optical waveguide prok^e accoinding to this Embodiment 
21. a pattern for an optical waveguide 23 ts made t^y 
anisotropic etching ard simultaneously the optical 
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waveguide 23 at its tip is made to a sharp fbrirt In pat-' 
taming, dry etching with anisotrop/ is ised tfiat typioally 
includes reactive ion etchingJRIE^^^ For a rrasK a m^l 
such as Ai; Cr or WSi, or photo resist or pplysQiccfi or 
amorphous silicon js usedV'For'ttiis optical waveguide 
prcbei^ the cladding 22 on the' 8utx5trate '25 dde |^ 
formeld thin'. The thickh^ of the same cladding. 22 'is 
preferalDlyrfa^^ ' ^ 

[01 27^ In a manufad^rihg process for tNs c^cal 
waveguide probe, a cladding 22!, a core 21 aihd a clad- 
ding 22 iaire first forified irii order fciy the process of the 
st^ 1 01 - step S1 1 04 in Erribocllment d. Next, ahlspr 
tropic etching is used in a process of the step S1 1 05. By 
this process the 1^ d^e opi^cal v^egiiide 23 is sharp^ 
ehed on ihe sul)strate 25*. Sut^equentiy, performed Is a 
process of the ste^ S1 106 - st^ S1 108 (FIG. 11 A) or a 
process of the step SI 1Q61 -^epS1107(FIQ: 11B). In 
this ^case, the stiep 81109 (sharpening process) . In 
Emixidirnent 9 is MnneH;;^ity ahd omitted: Finally^ a 
light reflective layer 24 ^ formed on'a periphiory of tfie 
c^cai waveguide 23. FIG 31 shb^ a magri'vi^ view^of 
a tip portion of a cornpleted dantileyer 26. ' ^ 
[0128] : In this manrler, he kaxj^lng 22 >nd core 21 
sharpened by artisotropic etcfiing are ttie 
iight reflective layer 24, forming an afkriufe 27. By 
doing so, the marujfacturing process is reduced as cbnnh 
pared to the optical waveguide probe of Errd^ 9 
thus inrpipving th^ yield and stabilizing me 
dentally, the techrvque of EntkKiim^^^^^^ dsui be t^bd 
for the t>ending prbcess^ (ikep Sl108)^^ 
polyimide forming procfes^ can be pnritted.^^ the 
techniques bf Entxxiimeffiis 11 £^ utilized 
approprtately. . J. 'V^;^''" ^ 

[Enftoodjment_?2] \^ ■ , ' J 

[0129] FIQ. 32 IS an^&q>lahko«yyi 
cal waveguide prgbie iiccbrcfing" to Ennl>p^nier^ 22 of 
this iriyentjon.' . , / , , . , ^ 

[01 30] In this optical wsn^ probe 600, ah qstical 
wave^ide 23 is vertically eiched with respect to the 
substrate 25,by,£mi$otrppic dry etching typically indud- 
ing reactivelbri yttihsng (RIE). An optical v^eguid^^ 23 
of an aperture 27 renrioved of a light rellective film 2^ as 
at least two sets of surfaces; Is formed vertical tfire^ 
surfaces. The optical wayeguide, 23 is bent tiy .OT^ effect 
of stresses due to polyimide 30. , . - ^ 
[0131] " In a manufacturing nrtethqd for this optical 
waveguide probe 600, a cladding a cereal fvnd a 
cladding 22 are first formed in order by tKe process of 
the step S1101 - step S1 104 in Embodiment id. The 
thickness of the cladding 22 positioned opposite to the 
sut>strate 25 is preferaUy at approximately 0.05 Vm - 
0.2 ^m. Next, in the process of the step S1 105 an opti- 
cal waveguide 23 is vertically etched with respect to the 
substrate 25 by islng an^otrpi^c dry etching. In this 
process, the tip of the optical waveguide 23 to be 
formed into an aperture 27 is formed by three surfaces 


' wth two sets of vertical surfaces. For exampl , when 
amon^hous silii»)n is used as a mask, the amorpfious 
sificon nia;^ as viewed fronii above the substrate is 
hnade in tri^irgular fbrrn to vertically etch tiie tip of the 

5 ^cal w£n/€^utde' 23 by RIE. Thia^tqp is made by a top 
jsijrf^ce df the claidding 22 arid two vertical surfaces to 
the' cladding 22 corresponding to two slarrt surfaces of 
the amorphous silicon triangular form as a mask. Sui> 
sequientiy/ peKormeid is a process of the step SI IOS- 

10 st^ S1 108 (FICB. 1 1 A) or a process of the step S1 108- 
step S1107 (FIG. ilB).^ In tfiJs case; the step S1 109 
(shaipening process) in Embodiment 9 is unhecessity 
arxl omitted. Finally, a light reflective layer 24 is formed 
on a periphery Gif the optical waveguide 23. 

75 [01 32] In a s^rviing riear fidd optical the 
isbt^bpic placement of ah qptical waveguide tip^hsn^ng 
an Atomic force with a sahipl e v^ respect to a sarhple 
surkce k pref ered t>ecaijse a r^ 
b^a bbtaihed not dependent Iqpon a tip. In 

vSo tiie qkse of an opticaJ ffoer probe,' the' tip shaipe Is in a 
sharp form so ^at the isotropic' pl^uiern^ with resptK:t 
to a saripii requires probe bencfing nearly rec^ngu- 
jarly. If the bending angle is iWgid,' light bss incre^es at 
a bent portim/oif the dpticsJ wahireguide 23 to lower th 

^ trartsrhisiion ^idency of light prqSagating ttirough the 
iriside of the 0(jlical 23. On the other hand, in 

the <^e* of the opt^ wayegid^e probe 600 shown in 
FIG. as shOM^ fn f^lQ. 32 the optical wav4gude 23 
tip as an aiperture pt^ the optical waveguide probei 600 is 

3o rectanguiaf in form as view^ from tfie side. To isotropl- 
rally place the tip with respect to a sari^ satistadtbnly 
ilequifes a befd 

rmt^ thei optical\^^ 

ckk) W si^ iri bptity waye^ide bending angle as 

35 pqrr^ed to that of tfi^ oi>ticai fiber probe. This reduces 
."tiie light at bent portion of the optical waveguid 
'23l8md iricr^ the, trdnsrnissidn isffidency of light 
prp^gating thrbiiigh the inisKfe of the optical waveguide 
23; Also, ttie srhaD bending angie^stabinzes the b^ing 

4a shape, m the bendng prdc^ (step S1108) ard 
improves th^ yi^id. Also, the unhecessity of a sharpen- 
ing process reduces the number of manufacturing proc- 
esses as cornpared to the optical waveguide probe'of 
ErTi}odimem 9. fuilher Inrqpro^ 

45 \ ' \ '''['''.' \ . \ . " ** / 

[EntKxliment 23] 

[P1 33] FIG.; 33 is an explanatory view shovving an opti- 
cal waveguide prbti^e array according to Embocfiment 23 

so ofthisinventfon. 

[0134] A plurality of optical vraveguides 39 are formed 
on ttie sut^strate 25. All tiie optical' waveguides 39 are 
t>ent in an opposite direction to the substrate 25, as 
shown in FIQ. 33. Also, the optical waveguide 39 may 

55 be arranged parallel as sown in FIQ. 23, or ammged 
directed in different directions. In this mamer, a ^^ety 
of combinations are feas3}le. The use of the optical 
waveguide prot>e array 700 structured as this makes it 


15 


<EP 09&4251A1 1 > 


29 


IEP0 964 251 A1 


30 


possible to observe on a large area at high speed even : 
rf the probe sweep speed is reduced. Alsa where the 
optical waveguide probe array 700 is used as a head 
array for an optical meniory, if the probe aperture is 
positioned in proximity to a memory medium memorized 
with information and positioned ov^ a plurality of 
nriedium tracks, Ngh^eed light memorization and 
reproduction is possSHe witiiout increasing the head 
* speed to a high speed. 

[0135] Meanwhile, if the optical waveguide probe 
array 700 is structured with a plurality of kirKis of optical 
waveguides 39 on the substrate 25, H becomes possBsle 
to opt an arbitrary optical waveguide 39 in, a manner 
suited for the purpose The optical, waveguide probe 
array 700 cor^tructed as thte is compatible witf i yarious 
af^ications. 

[01 36] Also, whej'e a plurafity of optical waveguides 39 
are arranged in a same shape on the 8ut)strate 25, even 
if one optical wsrveguide is damaged, the other optical 
waveguides can be select&j. Thus, continuous use is 
po^trie without exchanging the optical waveguide 
probe.. ^ . 
[01 37] Meanwhile, it is possible to use one of a plural- 
ity of optical waveguides in an Oiumination mode to IHu- 
n^nate light through the microscopic aperture creating 
near field fight and to use another optical waveguide in 
a collection mode to detect near field light caused on a 
sample surface t>y the microscopic aperture Due to 
tills, for exam^e, the light irradiation onto a sample sur- 
face creates near field light on; the sanple surface, 
.fhus, it Is realized on ai comnrton substrate to pick up 
sample-surface hear field light propagation Gght caused 
through interaction with the miooscopic aperture. 

INDUOTRl>ia. APPLJCABILrrY 

[0138] As explained above, according to this inven- 
tion, a lever portion can be made in a short, thin shape 
as compared to the conventional Si^jOM optical fhet 
probe. Because the resonant frequen^ can be 
increased withoiit increasing' the ^ng donstarrt. sinui- 
taneous measurement Is possible for high speed, high 
accurate and good r^roducible shape artd optical char- 
acteristics. Also^ t>ecause the optical wavegiride portion 
formed in a hook form can be increased in length, it is 
easy to measure a sample with a large st^. Further- 
more, vit}ration in a Oqud is stable due t& the rectangu- 
lar cantilever shape as compared io the convetrtional 
AFM cantilever wnth a f^ plate cantilever, which makes 
possit>le to carry out simultanepus measurements of 
high accurate AFM and SNOM in a uqutd. 
[01 39] Also, because the optical waveguide portions 
are laid on the substrate in one body.iwxiiling is easier 
than Jn the optical fiber probe. In addition, because the 
rmnufacturing method is good in ma^ producibility and 
shape r^rodudbitity, it is possible to manufactu-e an 
optical wavegukie probe with even mechanical pr^^erty 
at low price. 


[0140] Alsa because a n^erial different In thermal 
ooeffk:ient of expansion from the optical wav^uide is 
formed in the optical waveguide and heated tp, the opti- 
cal waveguide is easy to bend. 

5 [0141] Alsa the amount of bending in the optical 
wavegi^de is reduced by forming the aperture of tiie 
optical waveguide with an apex of three ^jrfaces includ- 
ing two surfaces with a rectangular angles, stably 
obtaining an optic^ wavegukie probe bevX form. Alsa 

10 the light tranmission efficiency through the optical 
wavegukie Is improved. 

|[P142] Alsa an optical wavegukie probe anay excel- 
lent in evenness and shape reproducibility can be nran- 
ufactured with high ms^ produdbiOty and at low cost 
IS PM43] Where oonducting measurement using this 
probe array, if one optical waveguide be damaged, 
another optical wavegukie can be . used. This mak^ it 
' possitsle to perfomri measur&nent without exchanging 
the probe. 

20- ^ [!0144] Alsa if various shapes of probes are arranged 
on one sub^rate, measurment is possible by selecting 
a prot^e suited for a purpose of the measurement 
[0145] A^ if the prc^e array is utilized as a head 
array for an optical memory, data reading and writing 

25 are pos^e at high speed. Alsa reading and writing 
cari t>e sirhuttaneously made on a same media. In such 
a head array, traddngless is possole. 

30 ' " i' ..\ 

1. In an c^cal waveguide probe having an optical 
wavegukie sharpened at a probe needle portion 
formed in a hook fbriri and a substrate supporting 

' said optical waveguide, saki optical waveguide 
35 probe chsiracterized in that saki optical wavegukie 
is overlaki on said sut^strate and formed integral 

tiierewitix 

■ ' } ■ • • - 

2. In an cptical wavegukie prot^e having an optical 
40 wavegukie sharpened ^ a probe needle portion 

formed in a hook fbrrh, a sut>strate supporting saki 
optical wavegukie and a metal fDm coat ccvering 
saki optical wavegukie. saki optical wavegukie 
probe characterized in that saki optical wavegukie 
45 is overlaki on said sitetrate arKi fbnned iritegral 
therewith and said probe needSe portion of saki 
optical wavegukie has at a tip a periphery of an 
aperture covered over by said metal film coat 

50 3. An optical waveguide prok}e according to ciairn 1 or 
daim 2, wherein saki optical wavegukie formed 
of dielectric. 

4. An optical wavegukie probe according to daim 2, 
55 wherein sakJ optical wavegukie is formed of dlelec- 

tnc that consists of a single maierial. 

5. An optical waveguide probe according to daim 1 or 
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claim 2. wherein said optical waveguide comprises 
a core for light transmission and a dadding rela- 
tively smalls !ri refractive index;than said core. ' ' 

6. A method for nrianufaicturing an optical waveguide s 
probe, comprising: a process of forming a mold for 
embedding said optical waveguide in a substrate, d 
process of depositing' said optical wavegukJe, S 
process of separating said optical waveguide aldhg 
saki rmid for enibedding said optical wavegu io 
proceiss of separating said optical waveguide probe 
from said substrata 

7. A method for rriarnjfacturing sm; optical waveguide 
probe, cohpiising: a process of fbrming ja mold for is 
embedding ^'d optic^ waveiguide in a substrate, a ^ 
process of depositing said optical waveguide, a 
process of pattemmg said qstical waveguide iirfto a ' 
probfe'shape. a process 'of separating said' optical 
waveguide probe from said s^^ * \y 

8. . A method to.fornrBrig em optical wayeguid prpb<e 

according tb claim '6 or (iffujrn 7, wherein said pr^^ 
ess of fonfdr^ a. mold for embedding said optical 
waveguide is an isotropic dry etching process 25 
using, a^ etching rna^ photo resist having a thidk: 
ness dlstiib^on having been expd|^ 
photo mask with a gradation. 

9. A method for fonming an optical waveguide probe 30 
according to daim 6 or daim 7. wherein said prdc- , . 
ess of fonning a rnpid fpr^embedding .said optical 
waveguide an isctrc^ic etcNhg^p 

. using, asi etching mask, phptd'cesi^ hiaying ttiick- 
ness distribution , having i[)e|^n exp9sed ,usirig a 3S 
7photo mask with a gradatibVi. ' " , T . 

10. A method for fomrdng an optical wavegukje probe 
according to daim 6 or daim 7, wherein said proc- 
ess of forming a moid for erribecUing said q^tical 40 

\ waveguide is an anisotropic dry etcNng process 
using, as etching mask photo re^st having a thuk- 
ness dtetrbutioni haying been . e)^x>sed using a 
. plioto niaskwith agractetipn. ' . 

; . * y ■ ^. ^ ' / : ' 4s 

11. A method fcnr fomrdng an optical waveguide probe 
. , according tq daim 6 or , daim 7. wherein said proc- 
ess of forming a niold fof embedding said opti(^ 
waveguide is an isotropic dry etching process utiliz- 
ing etching undercut to an underneath of an etching so 
nn^k material. 

12. A method for forming an optical waveguide probe 
according to daim 6 or daim 7, wherein said proc- 
ess of forming a mold for embedding said optical ss 
waveguide is an isotropic wet etching process utiRz- 

ing etching undercut to an underneath of an etching 
masknrstertal. 
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13. A method for forming an optical waveguide probe 
according to daim 6 or claim 7, wherein said proc- 
€!ss of forming a wold for embedding said optical 
waveguide is a multi-staged anisotropic vyet etching 
proc^ on a silicon substrate by using an etohing 
rm^stepwisd/ 

14. A.method for forming an c^cal waveguide probe 
according to daim 6 or daim 7. wherein said proc- 
ess of 'forming a mold for embedding said optical 
waveguide \s an anisotropic wet.etching process on 
a silicon subsbra^ 

1 f A'method for fon^ optical waveguide probe 
according to claim 6, wherein said'^mold for embed- 
;.,ding said optical, wayeguide fbm any. of the 
processes of daim 8 to clainri 1 4 has a fcipat shajse. 

16- .A rnetiTod for fomiing sui, 
, . according to clairh 7, Wherein sSld nrpld fdr'en)bed- 
'y J dhg jsald by any of the 

process.es of daim 8 io daim^i4 is a step hiavihg 
two parallel flat surfaces arvJ a d€urit~ surface con- 
necting^said parallel flat surfaces, artd sakI slant 
oirface^is ,fc»T^ ty one or more flat planes; . ' 

t7- A metv^ tbrming an optical waveguide, pro^ 
,J . ac^rdihg to claim 7. wHefdn said slant sur^ce is a 

'^'cu'rved isurl^^ \ : . - 

18.! A method fpr ftjnrning " fui ofifdi^^Jwa^^^ P^,^ 
''^ '^^^tKTmg to^dairh^e br F^bc- 
^ of.de^»c£^ y^^^fl^ M 

rnold'tbr'jmb^ 

process of ^ depositing a ciieJecti^ic material cbnre- 
sponding to sakJ dadding, def>3srting a dielectric 
material relatively greater in inefiactive index tiwi 

,^^sai4 dadding qor^espfc^ pore, pattern- 

, Jipg 8^ a cfieiectric 

;>Tifpt;^ial p^ 

'19. A rrietiib^^^^ 1c>rming ^h' optical, vvayegui 

according to' daimid, wherein saJd^c^ patterning 
is^ Qohduf^edZby photplitiiograp^jy 
di^k)srtidnreidst . _ "7 ' 

2a A method iTor fo^ ar>t optical .w?/ probe 
according.to cym 6. wherein jsaid.p^ess of sepa- 
rating saKj/of^'cal waveguide alorrg'said rnotd for 
embedding said 'optical waveguide is a polishing 
process of depc^ng a cBelectric material in said 
nrx>kj for embedding said optical waveguide, there- 
after planarizing by embedding a resin material in a 
recess formed in a portion of said mold for enr4>ed- 
cfing saki optical waveguide, and separating said 
optical wE^^ukie by polishing to. an original sut>- 
strate surface or deeper than said original substrate 
.^rface. 
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21. A method for forming an optical wavegukJe probe 
according to claim 7, wherein said process of pat- 
terning said optical waveguide into a prot>e shape ts 
photolithography using electro-deposition resist 

22. A method for forming an optical waveguide probe 
according to claim 7. wherein said process of sepa- 
rating said optical waN^eguide probe from said sub- 
strate is a dry etching process from an opposite 
surface to a suface formed, with said qjtica] 
waveguide. . 

23. A method for forming an optical waveguide prot>e 
according to claim 6 or daim 7, wherein said proc- 
ess of s^)arating said optical waveguide prot>e 
from said sulKtrate is an anisotropic wet etching 
process from an opposite surface to a surface 
formed witii sakJ optical waveguide, 

24. An optical waveguide fTOk^e. comprising: 

a substrate as a support memk^er; 
a columnar optical waveguide fomned on said 
substrate and having one part thereof project- 
ing from said sul>strate, and bent towvard a 
sarrple or a medium and sharpened at a t^); 
a Gght reflective layer formed over sakS optical 
waveguide excepting an aperture at said cpti- 
cal waveguide tip. 

25. An optical waveguide probe according^ to daim 24. 
wherein said optical waveguide is structured tay a 
combir^on of a daddir^ and a core. 

26. An optical waveguide probe, comprising: 

a sut>^rate as a sui^rt member; 
a cdumnar optical wavegtdde formed on said 
substrate and having one part thereof {project- 
ing from said substrate, ard sharpened at a tip 
on one side as an apex; 
a right reflective layer formed over said optical 
waveguide excepting an aperture at said opti- 
cal waveguide t^. 

27. An optical waveguide probe according to any one of 
daims 24 to 26. wherein a portion forming said 
aperture of said optical wa\^eguide is formed by 
three surfaces. 

28. An optical waveguide probe according to any one of 
dams 24 to 27, wherein a portion forming said 
aperture of said optical waveguide is formed by 
three surface inducfing at least two sets of gener- 
ally vertical surfaces. 

29. An optical waveguide probe according to any one of 
daims 24 to 28, wherein one part of said optical 


waveguide is formed by a generally vertical ^irface 
and a generally horizontal surface relative to a sur- 
face of sakj support substrate contacted with said 
optical waveguide. 

5 

30. An optical wa\feguide probe according to any one of 
J ^ daims 24 to 29. wherein a portion of ^d optical 
. . waveguide projecting from said substrate is fonmed 

witii a groove. 

10 

31. An optical waveguide probe according to any one of 
daims 24 to 30, wherein said substrate ts provided 
. with a guide groove for fixing a connection position 
of said optical waveguide and an optical ifber. 

15 ^ ^ 

32. An optica! waveguide probe according to any orie of 
daims 24 to 31, wherein said optical waveguide \s 
arranged in plurality of nitmbe- on said siAistrata 

^^ ^33. In manufacturing an optical wavegude prc^ com- 
Vprising a substrate as a support member, a colum- 
* * riar optical waveguide formed on said substrate arKl 
having one part thereof projecting from said sub- 
. . strate, and bent toward a sample or a medium arxi 
25 sharpened at a tip, a light reflective layer formed 
[ over said qptical waveguide excepting an aperture 
at said optical waveguide tp, a mettiod for manufac- 
turing an optical waveguide probe characterized in 
' thait the bending of said optical waveguide is trade 
30 by a process of overiaying a material having a dif- 
ferent thermal ooeffident of expansion from the 
. optical waveguide on one surface of a portion of 
\ ^isad optical waveguide prcjecting from said sut> 
strate and heating said material and said optical 
35 waveguide. 

34. A method for manufacturing an optical waveguide 
probe, wherein an optical vi^veguide is overlaid on 
said substrate such that one part tfiereof projects 

40 from said substrate, said optical waveguide at a tip 
is sharpened, emd a Oght reflective layer is formed 
over said optical waveguide excepting an aperture 
to be formed on a tip, wherein these processes 
indude: 

a proems of forming a material having a differ- 
ent thenral coeffident of expansion from said 
optical waveguide on one survace of said opti- 
cal waveguide; and 
so a process of heating said mat^iai and said 

optical wayegukJe to bend said optical 
wavegiide. 

35. In mariufacturing an optical waveguid pn>be,oom- 
55 prising a substrate as a support member, a colum- 
nar optical waveguide formed on said sutetrate and 
taving one part thereof projecting from said sub- 
strate, and b&it toward a sample or a medium and 
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36 


Sharpened at a tip, a light reflective layer formed 
over said optical waveguide exceptir^ an aperture 
at said optical vvaveguide tip, a metf^ 
turing ari df^tical waveguide pr^Te charaderized in 
ttiat the bending of said opticaJ V^avegiiide is made 
by overlaying, while heating, a materii^l having k cfif- 
ferent thermal coefficient of expansim from thd 
optical wavegukie on orie' surface of' a portibn of 
said optical vt^eguide projecting from ' said sub- 
strate in said process of forming said substrate for 
supporting said optical waveguide: - ' ' 

36: A^niethod for niariufack^ an opttc^ waveguide 
probe, characterized in fhat an o^<^ waveguide is 
overlaid ssud sub^ that one p^ thereof 

projidts from sdid sUbsitrntie. sakJ optfcal waveguide 
at a tip i)S sfmrp^ed,.and a fight reflective layer 
fbrmeld'over;Said waveguide exciting a tip 
td be formed into kh i^perture^^ wherein these j^oc- 
esses, wherein these prdces^es include:'a process 
of forming, while heating, a material having a differ- 
ent therniad CG^ident of 

bai ' waveguide bp oni t^r^ce 6^ said optical 
' v^eguide: ' ' *_ ' " ^ * " ; ."'^ . \, 

37. A nriethod for marii!i4^ 

probe docdrdihg to any one of dainis 33 to 36, 
wherein a material hlinnng a different thermal coeffi- 
cient of ^qpans'on frpm said optical waveguide is 
Ibrhied^ on one* siir^de oi; an entiir^^surface the 
qptical waveguide or a si^ri^e ton^ into a canti- 
ever. " 


10 


15 


26 


30 


'41. A method for manufacturing an optical waveguide 
^pbe according to any one of claims 32 to 40, 
vvhereiri isotropic etcWrig fe tis^ in sharpening satd 
* ; optical wa^uda ' ' ; 

42. A method for manufactu'nrig an optical wavie^uide 
probe according to any one of claims 32 to 41, 

' \^erein'anisotrdpic d^^^ is used In sharpening 
' ^ ^(d optical vrayifeguW^ 

43. , A method for manu^cturing an pptickl waveguide 
probe according to' any one of 'dkirris 32 to 42, 
wherein anisotropic etching is used ih' a state said 
substrate is Inclined in sharpening said optical 
wavegude 


3^. A niethbd Jjbr ,an;bptii^^way€^uide 
probe, chsuactenzed. in that an dptiq^ yi^egi^^^ is 
overtaid ori siaiKi substi^e such that brie part 
thereof projects from said substraie»,^ said c^cal 

. . vv|rvegukl9 £rt a Jp is shaipened. aixl a fighft reflecr 
: tivB layer is . fonfhed' over said loptic^' wav 
excepbng a tip to be fo^^^ Irrto^an aperj^ 
whereinjtKese processes, ^ler^ui tfiese processes 

^ ' include: a ^ prbpess of ^ berKling ^ said . optical 
,,wa^eguid^ ,|^" h^ siirtaqe of 

/ 6^opti(^ w^ 


39. 


A method for manufacturing an optical wavegukle 
probe according to any pne of dairT^,32 to 38, fur- 
ther ihciudirig in said puxfcess a process ofjproviding 
a groo^.in sab opticE^ wavegui^^^ 


40. A rnethod for manufacturing an optical waveguide 
probe. . diaracterized in that a columnar optical 
waveguide is overlaid on said substrate such that 
one part thereof projects from said sutKStrate, said 
optical waveguide at a tip being sharpened, and a 
light reflective layer being formed over said optical 
waveguide exc^'ng a tip of said optical waveguide 
to be formed into an apertura 


35 


40 


45 
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